Fully transistorized 


CENCO’S RADIOACTIVITY DEMONSTRATOR 


Rugged, lightweight, long-life transistors requiring no warm-up, are the 
features of Cenco’s new Radioactivity Demonstrator to teach the fundamentals 
of nuclear radiation to high school and college classes. 


This quality instrument reads up to 100,000 counts per minute in three ranges 
on a large 4%” meter calibrated in counts per minute, with audible detection 
from an internal loudspeaker with volume control. Jacks on front panel permit 
oscilloscope connection for visual observation. 


The Cenco Transistorized Radioactivity Demonstrator comes complete with 
shielded probe, 6-foot coaxial connecting cord, two Beta-Gamma sources, and 
an experimental kit including calibrated bench, various absorbers and a com- 
plete manual of student instructions and experiments. 


Operates on only 5 watts at 115 volts, 60 cycles AC. Requires a No. 71227 
Geiger-Mueller Tube. Complete details in Booklet 307. 


A companion piece, a fully transistorized scaler is also available from Cenco 
and described in Booklet 308. 


Contact your nearest branch office for further details. 


No. 71201, Cenco Radioactivity Demonstrator..................... $179.50 
No. 71227, Cenco Geiger-Mueller Tube............................. $ 14.50 
No. 71208, Cenco Transistorized Scaler............................ $295.00 


CENTRAL SCIENTIFIC a division of Cenco Instruments Corporation 
1700 West Irving Park Road, Chicago 13, Illinois 


Mountainside, N. J. 

Montreal 

Santa Clara | 

Somerville, Mass. 

Toronto 

Los Angeles 

Birmingham, Ala. 

Ottawa 

Tulsa 

Vancouver 

Houston 

Cenco S.A., Breda, 
The Netherlands 
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“BETTER LEARNING OF THE BASIC VOCABULA 
AND DEFINITIONS THROUGH EFFORTLESS 
MEMORIZATION AND REPETITIV 
RE-CREATION.” 


How the Student Learns by 
Repetitive Re-creation and 
Effortless Memorization 


When your students use a DDC 
Learning Aid they get an aural and 
written review of the basic facts of 
science. Your student, at his conve- 
nience, may play—for review or 
initial learning—any area of study in 
which he feels deficient, or in which 
you are currently working. He listens 
and learns willingly, because he does 
this while performing household 
chores. 

Through the constant repetition of 
the phonograph record the material 
sinks in the same as one learns the 
singing commercials and the popular 
songs over the radio. 


The Basic Purpose of the 
DDC Learning Aid Series 


Your classroom teaching time is 
made more productive of results by 
relieving you, the teacher, of the bur- 
den of drilling basic facts and defini- 
tions. The purely mechanical phase 
of the learning effort is now trans- 
ferred to your students home. It is 
transferred to your home study via 
the phonograph record, a teaching 
device using the educational princi- 
ples of effortless memorization and 
repetitive recreation. 

Result, Higher student interest, 
faster learning, better grades, fewer 
failures. 


How to Avoid Being 
A Drillmaster 

The DDC Learning Aid Series was 
produced to relieve you, the teacher, 
to some extent, from the purely me- 
chanical chore of drilling the basic 
facts and definitions into the student. 


The use of the DDC Learnng Aid as 
a homework learning device leaves 
you free to put more time into the 
teaching of the application of these 
basic facts as they apply to the 
science. Because this important basic 
material has been reduced to a phono- 
graph record and printed script, it 
is easily learned at home. 

The basic facts and definitions of 
each of these subjects were placed 
each on a phonograph record and 
printed in a 40-page book with in- 
structions to the learner and a pro- 
gram for repetitive re-creation. 


The Real Value of the 
DDC Learning Aid 


The phonograph record repeats in- 
cessantly basic areas of information 
that must be learned, memorized al- 
most verbatim. The repetition your 
student gets when using DDC Learn- 
ing Aids gives him for instance, a 
rapid and firm learning of the sym- 
bols and valences of chemistry, helps 
him to_memorize the geometric theo- 
rems, helps him to learn the biological 
definitions and their proper pronun- 
ciations more thoroughly and more 
quickly. 

For each subject we have selected 
basic facts and definitions, the learn- 
ing of which is absolutely essential if 
one is to achieve passing grades. 


Reinforcement of the 
Learning through Regrouping 

To speed up and strengthen the 
learning process, all the facts on the 
records are grouped. The bands on 
each record follow a planned, logical 
order. Each item on the record has 
been placed in its related order in the 
group. 


Speeding Up Initial Learning 


The DDC Learning Aids are excellent 
for faster initial learning. For your 
teaching convenience, the subject 
areas on the records have been ar- 
ranged like chapters in a textbook. 
This makes it effective to use the 
record for faster initial learning 
from the very first day of school. 


A Three-way Learning Response 


The DDC Learnng Aids provide 
your students with three-way learn- 
ing. Your student may, if he wishes: 
a. listen to the record, b. follow the 
words from the book we provide, and 
ec. recite the words aloud as he hears 
them on the record and sees them in 
the book. 


A Program of Repetitive 
Re-creation—Self-testing 
for Improvement 


A plan for testing the knowledge 
your students have gained from each 
band appears in the back of the book. 
This self-testing program enables 
your students to measure their im- 
provement, by re-creation, as they 
recite and learn each band on the 
record. 


The DDC Learning Aid as a New 
Device to Increase Learning 


The phonograph record stands a 
giant by the sheer weight of its 
ability to perform that special task 
required so urgently for effective 
learning of material. that must be 
committed to memory—the aural rep- 
etition of the basic facts of science— 
especially compiled on DDC Learning 


ids. 

The DDC Learning Aid Series 
achieves its greatest result as a 
homework inducer, as the most effect- 
ive medium by which the basic facts 
and definitions of the science sub- 
jects can be learned rapidly and 
permanently. 


Provision for Individual 
Differences 


The use of the DDC Learning Aid 
Series offers the best provision yet 
discovered for taking care of the in- 
dividual differences of the students. 
The grouping of related items per- 
mits each pupil to give special em- 
phasis to his own weaknesses. 

Because of the nature of the DDC 
Learning Aids, which are used at 
home, each pupil is free to practice 
each band as often or as seldom as he 
needs to be able to meet the self- 
testing procedures suggested in the 
book that accompanies each record— 
the perfect provision for individual 
differences. 


What the DDC Learning Aids 
Contain 


For each subject we have compiled 
the essential facts and placed them 
on one 12-inch long play record con- 
taining approximately 45 minutes of 
basic facts and definitions, approxi- 
mately 450 items of recorded material, 
grouped and separated by individual 
bands for instant reference. A 40- 
page printed script of the material 
and instructions accompany each 
record 


Special Prices to You and 
Your Students 


DDC Learning Aids list at $4 each. 
Your price, as a teacher, is $2.50 each 
postpaid when ordered in quantity of 
10 or more; single copy price is $3 
each postpaid. The price includes the 
record and 40-page book complete. 


GENERAL SCIENCE 


Contains 456 basic facts on: 
Astronomy, Meteorology (At- 
mosphere, Weather), Geology 
(Minerals, Soil and Water), 
Chemistry (Basic Information, 
Solutions, Distillation, The 
Atom), Electricity, Radio and 
Television, Units of Measure- 
ment, Measuring Instruments and 
Electrical Measurements, Work, 
Force, Simple Machines, Engines, 
Sound, Light and Colors, Photog- 
raphy and Lenses, Appendix I, 
Biology, Appendix Iti, Famous 
Scientists. 


BIOLOGY 


Contains 428 basic facts on: 
Cells, Cytoplasm, Protoplasm, 
Plants, Insects, Blood, Cardio- 
vascular System, Metabolism, 
Digestion, Vitamins, Enzymes, 
Hormones, Alimentary Tract, 
Bacteria, Fungi, Molds, Viruses, 
The Brain and Nerves, Reproduc- 
tion (Mitosis, Meiosis, Genes and 
Chromosomes, Breeding and He- 
redity, The Embryo), Diseases. 


PHYSICS 

Contains 439 basic facts on: 
Measurements, Laws, Rules, 
Theories, Motion, Work, Power, 
Machines, Electricity, Magne- 
tism, Electronics, Radio, Weath- 
er, The Atom, Nuclear Energy, 
Refraction, Color, Reflection, 
lumination, Matter and Force, 
Force, Heat, Change of State, 
Wave Motion and Sound, Sound 
and Music, Appendix, Famous 
Physicists. 


GEOMETRY 


Contains 352 basic facts as 
follows: 104 Definitions, 78 Pos- 
tulates, 170 Theorems. 


CHEMISTRY 


Contains 475 basic facts on: 
Symbols and Valences, Water 


and Solutions, Colloids, Halo- 
gens, Laws and Measures, Met- 
als, Laboratory Preparation, Com- 
mercial Preparation, Common 
Names for Chemicals, State and 
Change of State, The Atom, Ap- 
pendix, Famous Chemists. 


FOR FASTER INITIAL LEARNING AND A CLEARER UNDERSTANDING OF THE SCIENCE MATERIAL, SEND YOUR ORDER IN TODAY. 


NAME 


Dictation Disc Company 
170 Broadway, New York 38, N.Y. 


Dictation 


Please send me 
the following 
DDC Learn- 


QUANTITY 


QUANTITY 


ing Aids: 
This includes 
12-inch LP 


SCHOOL 


record and 


General 


Science Chemistry 


40-page book. 


SCHOOL ADDRESS 


Price 
$2.50 ea. postpaid 


CITY 


( ) Il enclose check 


STATE 


Biology Geometry 


in quantity of 
ten or more 


+) Bill me later 


$3.00 ea. postpaid, 
single copy price. 


Physics Arithmetic 


the DDC Learn 
ing Aid 


“CLASSMASTER” RADIOACTIVITY DEMONSTRATOR 


For Showing The Basic Principles of Radioactivity 
Suitable For Lecture Demonstrations And For Student Experiments 
Perfectly Safe For Inexperienced Operators 


Simplifies the Teaching of Radioactivity 


Electronic demonstrator provides meter, flash- 
ing light, and speaker indication of counts, as 
well as high voltage supply. 


Book 


Set of cylinders to illustrate 
“scatter” produced by beta 
radiation. 


Cardboard 
Lead SQ Aluminum 


No. 2156 


2156. RADIOACTIVITY DEMONSTRATOR, “Class- 
master.” The teaching of basic principles of radioactivity 
has been greatly simplified by the use of this demon- 
strator and it is probable that every progressive high 
school and college will eventually have such equipment. 
It is equally effective for class demonstrations by the 
teacher and for laboratory experiments by the students. 
There are elementary experiments to stimulate the 
interest of beginners and more involved procedures to 
challenge the advanced students. 


The equipment consists principally of a sensitive 
Geiger tube connected to a high voltage supply and 
amplifier which provides triple indication of radio- 
activity: by pulses from a loudspeaker, by flashing light, 
and by a built-in count-rate meter. Various accessories, 
including two radioactive sources, are furnished. It is 
safe in every respect. The procedures are straight- 
forward and are clearly presented in the detailed 
instruction booklet. 


Radiation Intensity is measured by the number of 
counts per minute. Absorption of beta and gamma 
radiation and the effectiveness of various media in this 
respect can be demonstrated. Health Hazards involved 
in using radioactive materials may be shown with 
safety by absorption of radiation in a student’s hand. 
Scattering of beta radiation and its dependence upon 
atomic weight can be demonstrated. Coincidence Loss 
due to dead time of the counter when two counts occur 
close together is shown by measuring the response speed. 
Geometry of the counter, that is, the dependence of 
response upon the construction and position of the tube, 
can be determined. Detection Efficiency, which depends 
upon gamma radiation producing beta particles by 
secondary emission, can be measured. 


The apparatus is furnished complete as described 
and ready for use. It operates on 115 volts, 50 or 60 
cycle A.C. 


Each $194.50 


THE WELCH SCIENTIFIC COMPANY 


ESTABLISHED 1880 
1515 SEDGWICK STREET, DEPT. T. 


CHICAGO 10, ILLINOIS, U.S.A. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 
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Another milestone in Association achieve- 
ments has been reached—the publication 
of the first title in NSTA’s Vistas of Science 
series. Spacecraft is new, up to date, au- 
thentic, and, perhaps most important, it 
is geared to the learning and teaching situa- 
tion in the classroom. All of us—authors, 
publisher, sponsor, staff—are anxious to 
have your reactions based on the test of 
actual use. 

Is our pattern of content satisfactory, 
consisting of some background in the area, 
a portrayal of how scientists go about their 
work, what some of the current problems 
are, and suggestions for student activities? 

Do students find the book interesting, 
informative, readable, motivational? Does 
it help them locate and define projects for 
further study? 

It may help to place the Vistas in per- 
spective. This series of books (14 more 
titles are “in the mill”) is an important 
element in NSTA’s total Future Scientists 
of America program. The principal goal 
of FSA is to help teachers guide students 
in experiences that are representative of 
those of practicing scientists. The central 
activity in the scientific endeavor is finding 
out through various modes of inquiry such 
as experimenting, collecting data from ob- 
servations, reading, etc. Reporting via writ- 
ten and spoken words is also an important 
phase of scientific activity. The FSA pro- 
gram might be thought of as circular in 
character with possibilities for students to 
break into the circle and keep going. 

Suppose, for example, that a particular 
student wants to do a science project. He 
might get help from a Vistas book, or the 
two FSA publications—/f You Want To 
‘Do a Science Project and Encouraging 
Future Scientists, or the soon-to-be pub- 
lished Project Ideas for Future Scientists. 

A student carries out the project, in- 
cluding the preparation of a written report. 
This report should be entered in the Future 
Scientists of America Awards contest. On 
the basis of regional judging, over 600 FSA 
recognition medallions plus school certifi- 
cates are bestowed to students in grades 


7-12. Also, all eleventh- and twelfth-grade 
winners are automatically entered in final, 
national judging for the selection of 25 
recipients of FSA college assistance scholar- 
ships of $250 each. 

In general, the doing and reporting of 
projects are carried on as activities of school 
chapters of the Future Scientists of America. 
Currently, nearly 1000 chapters and 30,000 
students are enrolled in this program of 
FSA. Verbal reporting and discussion of 
projects goes on in many of the chapters 
and through other outlets. FSA-sponsored 
congresses or seminars for science students 
will be developed during this year. 

Reports of FSA student projects may be 
published in the “Tomorrow’s Scientists” 
section of Science World. Also, these re- 
ports, some 6000 of which come to NSTA 
each year, are extremely useful in devel- 
oping the activities section of the Vistas and 
in the preparation of FSA _ publications. 
Thus the feedback that closes the circle. 

NSTA recognizes that the key factor in 
making this plan work is the classroom 
teacher. Our purpose is to help make the 
teacher’s task easier and more effective, cer- 
tainly not to add increased burdens. Eval- 
uation of our efforts and services by those 
best qualified to judge—teachers and stu- 
dents—is earnestly sought. 


P.S. Be sure to check pages 39-46 for 
ADVANCE CONVENTION DATA. 


Academic Year Institutes 


The National Science Foundation (NSF) 
has announced support for fifty-five Aca- 
demic Year Institutes for 1962-63, nearly 
all of them for high school science and 
mathematics teachers. Approximately 1500 
teachers will be awarded stipends plus cer- 
tain allowances for dependents, travel, tui- 
tion, fees, and books. A few AYI pro- 
grams have been designed for special groups 
such as physics teachers, teachers of ad- 
vanced placement courses, etc. Since time is 
short for making application—the deadline 
is January 20, 1962: 

1. Obtain brochures, information, and ap- 
plication forms from the AYI Director at 
the host institution of your choice. 

2. Write to NSF, Washington 25, D. C., 
if you wish to have a list of all the in- 
stitutes and their directors. 

3. Act now if you wish to apply for AYI 
in 1962-63. 


Annual Joint Meeting of NSTA 
with other Science Teaching Societies . . . 
At the 128th Meeting of the American Association 
for the Advancement of Science 
December 26-30, 1961, Denver, Colorado 
. .. See October and November TST. 
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My check for membership dues for 
this year is to me the best investment 
possible for the price to further science 
teaching progress. 

In October, I met with a group of 
intermediate and junior high school 
teachers from all parts of our state. My 
talk and demonstrations included points 
on how to develop an investigative ap- 
proach to science at an early level, rather 
than to develop a textbook approach to 
learning by isolated rote statements. Your 
reference materials were received, as 
well as the literature about NSTA. 

I want to express my thanks to the 
Association for the great job it is doing 
to help science teachers. 


CHARLES H. SCHROEDER 
3309 Virginia Way 
Longview, Washington 


Research Participation 


_ The announcement of no Future Sci- 
entists of America Foundation grants for 
on-the-job research came as a shock. We 
regret that such a magnificent cause under 
which research grants were provided for 
high school teachers, must die for lack 
of support. Is it possible that there might 
be some hope of revival if those of us 
who were recipients of funds made re- 
ports and evaluations of results available 
for public knowledge? 

Perhaps some of the problem lies in 
the fact that such work in the high school 
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is slow going because of the crowded high 
school day. We plan to write you a report 
of our progress. It is difficult to assay the 
many benefits which have come our way 
because of the grant. In spite of this 
termination decision, however, we expect 
to continue in the similar lines of investi- 
gation which we started. 

Surely giving similar opportunities to 
other schools is worthy of support. Is 
there no way to make this clear to po- 
tential donors? 


RUTH O. WENNER 
Lyons Township High School 
Western Springs, Illinois 


I was quite shocked to hear that the 
FSAF grants to teachers for on-the-job 
research has been discontinued. It cer- 
tainly was a fine program and the students 
who have worked with me in the past on 
the blood research program, in addition 
to those who will help me this year, are 
deeply indebted to the FSAF for the 
$350 research grant. 

This grant made possible the purchase 
of equipment and supplies necessary to 
carry out the research work. The remain- 
ing funds, after certain expenditures had 
been made, were used to take the four 
students who worked on the project on a 
trip to Madison, Wisconsin, to visit the 
University of Wisconsin during the Easter 
recess in the spring of 1960. Needless to 
say, the students were tremendously 
enthusiastic and impressed with their 
visits to the many laboratories and talks 
with the outstanding researchers at the 
University. 

In spite of the curtailment of funds, I 
plan to continue this work with high 
school students during the academic year. 
The equipment which we purchased with 
the grant money will make this possible. 

CHARLES W. ANDERSON 
Central High School 
Norwood, Minnesota 


THIS MONTH'S COVER... 


In the remarkable combination of living nature and 
purely geometrical constructions, artist and scientist 
alike gain by the work of Hans Erni, the contemporary 
painter, artist, and author, from Lucerne, Switzerland. 

Other works of Hans Erni are illustrated in his 
book “Elements of Future Painting,” edited by Frank 
C. Thiessing, 1948, and published by Zollikofer and 
Company, St. Gall, Zurich, Switzerland. 

The cover entitled “The Architect” is an original 
by Erni and was selected for its vitality in portraying 
the subject theme “creativity” of the lead article by 
Calvin W. Taylor on page 6. 


Books Wanted 
for Asian Students 


The Asia Foundation announces an exten- 
sion of its six-year program to provide books 
for Asian students. University, college, and 
secondary level books and journals pub- 
lished after 1945 in all subject areas are re- 
quested. Works by standard authors before 
1945, however, will be accepted. All books 
should be in usable good condition. To date 
about two million books and some five 
hundred thousand journals have been shipped 
from American publishers and _ college 
student groups to universities in eighteen 
Asian countries. 

The Foundation will pay transportation 
costs of the books from the donor to San 
Francisco for shipment to Asian countries. 
Additional details may be obtained by writ- 
ing to Books for Asian Students, 21 Drumm 
Street, San Francisco 11, California. 

The purpose of the Asia Foundation is to 
strengthen Asian educational, cultural, and 
civic activities with private American as- 
sistance. It is a nonprofit, nonpolitical organi- 
zation founded by private American citizens 
in 1951 and incorporated in the State of 
California. Through its resident representa- 
tives in Asia, the Foundation makes private 
American support available to individuals 
and groups in Asia who are working for the 
maintenance of peace and independence, and 
for greater personal liberty and social 
progress. Projects assisted by the Founda- 
tion in Asia are developed and administered 
by Asians, and most of the Foundation’s 
assistance is designed to help programs get 
started and induce local support. 

The activities of this group may take many 
forms, depending on local needs and re- 
sources: grants or loans; travel funds; ad- 
visory personnel; supplies or equipment; 
books; or other material contributions. Co- 
operation with other foreign and _inter- 
national assistance programs are included, 
if no other sources are provided. Projects 
may be in many fields including education, 
research, community development, social 
welfare, cultural activities, international con- 
ferences, and related programs which may 
contribute to social progress and to the ex- 
change of ideas and experiences. 

Funds for the work of the Foundation are 
obtained from voluntary contributions such 
as charitable trusts, philanthropic organi- 
zations, individuals, and corporations. For 
additional information or a report on all 
activities, write to 550 Kearny Street, San 
Francisco 8, California. 

NSTA strongly recommends that schools 
and school systems, whenever possible, co- 
operate to assist the Foundation in this en- 
deavor to obtain books. 
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Season's Greetings 

from DSTA Staff 
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FFECTIVENESS in science and 
effectiveness in science education 
are of considerable importance, and 
both contain areas that involve research 
studies. This means that the scientific 
method should have application in im- 
proving our effectiveness in attempts to 
solve the problems that persist in our 
current everyday teaching situations. 
One of the major problems facing sci- 
ence education is speeding up the 
application in education of research 
findings that have relevance. 
Currently, a number of research 
projects are under way which have 
pertinent applications to science edu- 
cation. To date, we are exploring some 
areas in which we hope to bring to light 
specific examples of these. In particu- 
lar, a report written by six researchers 


NOTE: Condensed by the author for TST 
from an address entitled “What Kinds of 
Learning and Thinking Do You Want in a 
Science Student,” delivered at the NSTA 
Rocky Mountain Regional Conference held 
in Salt Lake City, Utah, August 25-26, 1961. 


to be published this year summarizes 
the research knowledge and research 
needs in creativity, the specific area in 
which we will confine these remarks. 
The report is a compilation and exten- 
sion of three national research con- 
ferences held in 1955, 1957, and 1959 
(see reference 7), supported by the Na- 
tional Science Foundation on_ the 
identification of creative scientific 
talent. The first three conferences have 
been published, and the 1961 report 
should be completed by the end of the 
year and ready for distribution. 

Six main points might be explored in 
this subject area: 

1. Are There Losses in Creative 
Talent along the Academic Ladder? 
It is of great potential value to the 
nation to obtain further insights into 
this question in order that (a) losses 
of the most relevant types of man- 
power needed in research work in sci- 
entific laboratories and in other high 
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level activities can be reduced, (b) the 
most relevant types of talent will be 
developed in our educational programs, 
and (c) such talent will be most fully 
utilized to speed up scientific and re- 
lated progress in the nation. 

This point should be carefully con- 
sidered because there may be an above 
average drop out of those with creative 
talent through the academic program. 
Since early evidence suggests that fel- 
low students and teachers may not 
favor, in fact may even disfavor, more 
creative students; and likewise, princi- 
pals and supervisors may not favor 
more creative teachers, we should de- 
termine what the creative talent losses 
are at each crucial level through the 
present school system. 

Another related loss to consider is a 
decrease of creative talent within indi- 
viduals as they move along the aca- 
demic ladder. If this is true, as many 
are suspecting, we should again be 
deeply troubled about such losses. 

2. There Are Multiple Types of Con- 
tributions in Science with a Different 
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Set of Psychological Characteristics 
Needed for Each Type of Contribution. 
This is a major finding in one of the 
research efforts which we have just 
completed for the Air Force (8).* We 
found great complexity both in the 
number of contributions and in the va- 
riety of characteristics needed for each 
type of contribution. We conclude that 
no single-variable panacea will serve 
and account for much by itself in this 
area. In other words, we found many 
variables that were working, with each 
one being of some importance. 

3. Are There Multiple Types of 
Creativity and to What Degree Do 
These Types Cut across Disciplines? 
This is a major issue in creativity that 
needs to be resolved through the use of 
suitable scientific techniques available 
for such determinations. 

4. Are There Educational Organiza- 
tional Problems in Encouraging and 
Developing Creative Scientific Talent? 
Briefly summarized are a few of the 
relevant research findings. Torrance 
(9) reported at the 1959 Utah con- 
ference that fellow students may exert 


* See references. 


group pressures on students with cre- 
ative characteristics. Group pressures 
can include a developing of sanctions 
against the person and an _ over- 
organizing and building of other con- 
trols into their world. Getzels and Jack- 
son (3) also reported that creative stu- 
dents favored somewhat opposite char- 
acteristics for themselves than they felt 
that teachers generally wanted in stu- 
dents. Thus, students with creative 
characteristics may tend to be among 
the less favored in school situations. 
Some indirect evidence that key 
people in school systems are not neces- 
sarily seeking for or encouraging cre- 
ativity is found in the report by Jex 
(4). High school science teachers with 
creative characteristics were rated be- 
low average on their over-all teaching 
ability, so that they apparently tend to 
be looked upon with some disfavor in 
certain educational settings. A study is 
needed to determine whether those 
teachers develop creativity traits in their 
students more than other teachers do. 
In our study of the working condi- 
tions of scientists at two research 
centers, we received many suggestions 
from the scientists about factors that 
hindered their working at top efficiency 
which they felt should be changed if 
they were to be most productive and 


creative. It was found according to job 
descriptions that the highest salaried 
scientists were responsible for 13 or 14 
activities whereas the beginning and the 
lowest paid scientists were responsible 
for only 3 or 4 activities. Thus, the in- 
experienced and the lowest salaried sci- 
entists were most free to concentrate 
and sustain their efforts on a small num- 
ber of activities, whereas the highly 
paid scientists were spread so thin that 
one would generally not expect them to 
produce anything very profound or 
creative. An over-all impression was 
that scientific work had merely been 
plugged into an existing organizational 
structure without even a second thought 
as to whether that type of organization 
was suitable, let alone being ideal for 
creative scientific work. One wonders 
if the same organizational question 
exists in science education. 

Two eminent scientists, William 
Shockley and Edwin Land (1), have in- 
dependently stated that it has taken 
them long hours of sustained, uninter- 
rupted work to break through their 
most difficult problems. As Shockley in- 
dicated, most people have not learned 
(nor have they been taught) to devote 
and sustain the long effort often re- 
quired, so they quit prematurely in their 
attempt. Practice in thoroughly think- 
ing through complex problems seems 
to be needed. 

Personally, my own interest is to de- 
scribe and develop a pioneering trail- 
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blazing type of creativity. This type 
would involve thinking outside of the 
present framework, moving ahead and 
blazing trails which ultimately open the 
way for others to follow. In one sense 
this is creative leadership, being in the 
vanguard of history, though at times 
this leader may not have many follow- 
ers until a generation or two later. For 
example, I am told it was Cézanne— 
and not the academicians who fought 
him (he was leading an advance away 
from them)—who was the main line 
of development of French painting. So 
academicians can fight progress around 
themselves. 

I suspect that creative persons may 
try to work their way out of “needless 
restrictions” built into organizations by 
others which may limit the effectiveness 
of an organization. One of our confer- 
ence participants said that “anyone 
really worth his salt” would not let such 
needless restrictions stop him from 
doing his best work possible. At an- 


other time in the conference series the 
same participant reflected that the ma- 
jority of those persons who had truly 
reshaped the world had finally done 
their work on their own, outside of ex- 
isting organizations. 

George Washington, the first Presi- 
dent of our nation, recognized a major 
problem in trying to make improve- 
ments in organizations. He said that 
reforms in an organization are difficult 
because they must come about through 
persons who have been most successful 
within the old system, no matter how 
faulty the old system is. One wonders 
whether education will be as resistant 
to change—for example, as resistant 
to the use of scientific research—as 
many parts of the military were two 
decades ago. 

5. Is Education of Science Students 
a Problem Area with Many Changes 
Needed? Both what the texts say and 
what is taught about the nature of 
science is apparently lacking. These 


descriptions seem to emphasize the 
verification stages of science almost 
exclusively; practically no room or little 
attention is given to the creative stages 
and to other trail-blazing activities— 
which are the real crux of the scien- 
tific method of producing new science 
and of pushing ahead the frontiers of 
knowledge. 

Recently, it came to me as a surprise 
to hear a bright undergraduate student 
in science tell majors in the arts how 
science differed from their fields. He 
said that “there is no place for intuition 
in science.” And yet “intuition” was 
one of the most valid characteristics in 
the Air Force study out of the 130 
characteristics evaluated, being related 
to about half of the types of contribu- 
tions of scientists. On this point James 
Stephens recently said: “I have learned 
that the head does not hear anything 
until the heart has listened, and that 
what the heart knows today, the head 
will understand tomorrow.” It should 


A dust-free assembly line under glass is a part of research facilities planned to free the scientist for more productive and creative activities. Gyros subjected 
to high vacuum and set in motion are tested in the large laboratory bell jars at the facilities of the Sperry Gyroscope Company in Great Neck, New York. 


- 
i 
| 
: 8 THE SCIENCE TEACHER 


be added that a creativity score was 
valid for more types of contributions 
(12 out of 17) than any other score 
in our Air Force study. 


More than once, my view has been 
given that science has more to learn 
from the arts than vice-versa. I was 
told that the typical method of teaching 
science, namely of having students learn 
a large body of subject matter and of 
techniques before doing new work on 
their own, was practiced once in art 
and was called the academic approach 
to art. One person said that they gave 
this up rapidly in art as not being sound. 
Another person said that they would 
never dream of using such an approach 
in art or related studies. 

Art education may be more valuable 
in this age of science than is generally 
realized. By the approach of teaching 
creativity through art, as stated by 
Lowenfeld, perhaps a better under- 
standing of the nature and importance 
of creativity can be transmitted to more 
of our students. Since there has been so 
little emphasis on creativity in students 
in most of science education, should 
we send science students to art educa- 
tion to get at least some creativity train- 
ing in their background, even though it 
may not all transfer to the sciences or 
to the other fields of human endeavor? 
At least, maybe we should send science 
students to art for creativity until sci- 
ence teachers learn how to bring cre- 
ativity in valid effective ways into 
science education. 


Evidence suggests that quite different 
thinking processes are involved when 
we learn existing knowledge and sys- 
tems than when we produce new ideas, 
new knowledge, and new systems. 
Many of our present academic pro- 
grams in science may be stressing 
memorization and other noncreative 
activities so that the work habits which 
are being developed are strongly in- 
grained and are valuable in reciting and 
accomplishing noncreative things. Some 
of the successful persons may show 
real resistance and perhaps emotional 
disturbances if relatively late in their 
education, or any time afterwards on 
the job, they are asked to be creative. 
Such conflicts might be avoided if cre- 
ativity training and encouragement had 
occurred much earlier or even through- 
out their entire academic training. 


One suggested approach in creativ- 
ity training is to remove hindrances to 
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Structures revealed in clinical studies of new drugs suggest an orderliness and organization which 
characterizes the creative mind. The crystals, seen through a microscope, show the fine structure of a 
new drug to be used in the treatment of mental disorders after completed clinical trials. 


creativity and to untrain noncreative 
habits. Science teachers who have tried 
to remove such hindrances or more di- 
rectly to help students learn to generate 
and express ideas of their own, also 
have found excitement and even new 
ideas for themselves in the process. 
Perhaps one reason why our society 
does not give much moral and tangible 
support to education is that persons 
leave the academic world and find, to 
some degree at least, that intellectual, 
i.e., learning and thinking character- 
istics in which they are highly trained 
are not called for in the world of work 
as much as they expected. Contrarily, 
other intellectual characteristics in 
which they have had little training may 
be crucial characteristics in their part 


of the world of work. Admittedly, edu- 
cation has a responsibility, at least 
equally important and probably more 
challenging, to have students exercise 
and develop all of the known thinking 
abilities as their minds feed upon, toy 
with, and otherwise process and utilize 
current knowledge. 

6. What Can the Progress in Identi- 
fying Creative Characteristics Mean to 
Science Teachers? Before concerning 
ourselves directly with creative char- 
acteristics, preliminary comments will 
be made about certain widely available 
measures of psychological character- 
istics. If school grades were highly valid 
measures of creativity, no extensive 
problem would exist in identifying those 
with more potential to be creative from 
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Creative characteristics may be discovered in a child’s early experience with unusual phenomena as he persists for answers through curiosity and experimentation. 


those with less potential. Although cer- 
tain school grades have been shown to 
have a little validity in predicting cre- 
ative performance, school grades in 
general are not very valid predictors of 
creativity. The nature of school activi- 
ties may have to change for at least a 
portion of the total school periods to 
increase the chances that performances 
and behaviors, related very highly to 
creativity, would be exhibited and later 
scored and incorporated into academic 
grades earned in the classroom. 


A somewhat similar argument is that 
if IQ scores from traditional intelli- 
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gence tests were highly valid measures 
of creative characteristics, again there 
would be no particular problem. But 
the strong suspicion is, with support 
from many factor studies and from the 
Getzels-Jackson (1959) finding which 
has been replicated several times by 
Torrance (1959), that IQ scores are not 
highly valid measures of creative char- 
acteristics, with a large portion of the 
total components of creative perform- 
ance being essentially unrelated to IQ 
scores in any possible way. 

In research on identifying creative 
scientific talent, a broad approach has 


been emphasized, somewhat in contrast 
to the identification of IQ type of tal- 
ent by means of a single score. Only a 
few samples of creative characteristics 
will be mentioned. To what degree do 
science teachers presently tolerate or 
even positively encourage those with 
the following intellectual, motivational, 
and personality characteristics? 

From the research results of his own 
and of many other workers, Guilford 
has evolved and listed the following in- 
tellectual characteristics as most likely 
to be valid measures of creative talent: 
originality, redefinition, adaptive flexi- 
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bility, spontaneous flexibility, fluency of 
associations, fluency of expressions, 
fluency of ideas, fluency of words, elab- 
oration, and probably some evaluation 
factors might even be included. 

In the Air Force study, Ghiselin 
(Taylor, et al., 1961) developed a 
Creative Process Check List in an at- 
tempt to identify persons whose prob- 
lem-solving processes resemble those 
traditionally reported to be present in 
creative work. Our verbal revision test 
is at least analogous to the manipula- 
tion, restructuring, and reworking of 
ideas found both in the earlier and 
later stages of the creative process. It 
is probably also related to the ability 
and tendency to strive for more com- 
prehensive answers or solutions or 
products, another feature found in 
studies of creativity. Unfortunately, too 
few occasions in our academic pro- 
grams require such strivings for higher 
quality or for more original and work- 
able products. And what do science 
teachers do when a student strives for a 
better answer than either the text or the 
teacher has given him? 

In the same project, Ghiselin also 
suggested that we try take-home apti- 
tude tests to find those who continue 
to be involved and who jot down addi- 


‘tional responses whenever and wher- 


ever they occur. 
Quality Ratings 

A study of the products of scientists 
led to the finding of two quite unrelated 
quality ratings. One was called high 
level quality without originality and the 
second was originality type of quality. 
Schools may increase their chances of 
having the originality quality emerge if 
they will call off the requirement for the 
other type of quality in selected assign- 
ments, Probably more adequate train- 
ing is already being given for quality 
without originality. 

Another relevant characteristic may 
be an ability to make good intuitive 
decisions on the basis of incomplete 
information. 

Response-set factors may measure 
characteristics functioning in creativity. 
For example, we have found one called 
“broadly diffused attention.” This type 
of attention has often been a part of the 
description of the crucial moments pre- 
ceding the insight stage of the creative 
process. Another one called “resistance 
to idea reduction” may be related to 
the ability to make some second order 
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refinements on broad generalizations, 
whereas those not so resistant to idea 
reduction may be related to the ability 
to make the first order, broad gen- 
eralization. 

Some motivational characteristics 
suggested are the great dedication to 
work, intellectual persistence, liking to 
think, liking to manipulate and toy with 
ideas, need for recognition for achieve- 
ment, need for variety, need for auton- 
omy, preference for complex order and 
for challenges therein, tolerance of 
ambiguity, resistance to closing up and 
crystallizing things prematurely coupled 
with a strong need for ultimate closure, 
need for mastery of a problem, insati- 
ability for intellectual ordering, and a 
need to improve upon currently ac- 
cepted systems. High energy with vast 
output through disciplined work habits 
is usually found to be apparent. 

We need to know better how to get 
students more deeply involved in their 
work, for Bloom (2) has indicated that 
science students who truly become in- 
volved in research work and in the re- 
search role during graduate training, 
tend to become the productive re- 
searchers afterwards. The reverse may 
be even more generally true. 

From personality evidence to date, 
creative persons are more devoted to 
autonomy, more self-sufficient, more 
independent in judgment (contrary to 
group agreement, if needed, to be ac- 
curate), more open to the irrational in 
themselves, more stable, low in socia- 
bility, more interested in unconven- 
tional careers, more feminine in inter- 
ests and characteristics (especially in 
awareness of one’s impulses), more 
dominant and self-assertive, more com- 
plex as a person, more self-accepting, 
more resourceful and adventurous, 
more radical (Bohemian), more con- 
trolling of their own behavior by self- 
concept, and possibly more emotionally 
sensitive, and introverted, but bold. 

Other potentially important over-all 
features suggested are that the creative 
individual has a disposition to produce 
adaptive responses which are original 
in nature. A more extreme and perhaps 
oversimplified suggestion pertaining to 
adjustment is that while many indi- 
viduals focus on adjusting to their en- 
vironment, at least some creative indi- 
viduals have their attention on trying 
to adjust the environment to improve it 
in ways that they sense and feel are 
urgently needed. 


Let me add that anything that can be 
done to modify our educational pro- 
grams and our environmental conditions 
to increase the emergence of creative 
activity will simplify and reduce the 
burden of identifying the more creative 
individual. This last suggestion cannot 
be overstressed. 


Other Challenges for Science Teachers 


As educators, let us show the creative 
characteristic of being able to toy with 
the potentialities instead of merely 
focusing upon the actualities of the 
present situation. A professional writer 
recently commented that the higher the 
concept that a person has of the poten- 
tialities of students, the more impatient 
he will be for improvements in edu- 
cation that become necessary. 

We need to learn, through research, 
more about how some science teachers 
light a spark for science in their stu- 
dents that seems to be almost unextin- 
guishable thereafter. What have these 
teachers done that could be taught to 
others so they, too, could learn to light 
such strong sparks in their students? 
We need to find out how to put across 
the message to students that science 
can be exciting. We also need to know 
what to do so that the learning of 
science will be fun.* 


Why do some potential developments 
appear to be challenging to some teach- 
ers but threatening to others? How can 
we help more teachers to see the chal- 
lenges ahead more than the threats? 
For example, teaching machines when 
properly used might free us as teachers 
to do all the other important things 
that we have never yet had the time to 
do (and may not yet know how to do). 
Do we as teachers get on the right side 
of important new developments or do 
we follow a path of least resistance and 
end up by being most resistive? What 
are science teachers and curriculum 
people going to do about the hundreds 
of proposals to NSF of new and im- 
portant experiences (not yet in the 
science curriculum) for high school 
students during the summer months? 

What do you think happens in ques- 
tion-raising sessions after a special lec- 
ture in summer programs when high 
school students and high school science 
teachers are mixed together in the 
audience? We are told that the students 


1 See the author’s comments under “The Creative 
Child.”” Look, 25:111. November 7, 1961. 
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This the year 
experiment with 
programed learning 


A Message from TMI-GROLIER to 
Teachers and School Administrators 


Educators and school administrators are generally 
agreed today that programed learning is certain to be 
broadly adopted in the nation’s schools in the coming 
years. 

The basic questions no longer concern the merits of 
programed learning, but, rather, the best methods and 
materials for introduction in the specific circumstances 
of each school system. 

And this is a matter which each school system must 
establish for itself. There is much data and experience 
available, and many types of materials. Not only must 
these be objectively evaluated under classroom condi- 
tions, but educators will want to resolve such questions 
as: Should programs be used with—or without—ma- 
chines? .. . Should programs be used by all students 
in a class? by advanced students only? by the least 
advanced? ... What should be done with students who 
finish a program in less than the normally allotted time? 
.. . Should teaching machines and programed courses 
be substituted for conventional methods of instruction? 
to reinforce them? to supplement them? 

By familiarizing themselves now with the theory of 
programed learning, experimenting with ways of using 
machines and programs in the classroom, and methods 
of fitting programed courses into the curriculum, edu- 
cators will make it possible for subsequent adoption to 
be accomplished with a minimum of uncertainty and 
disruption. 


TMI-GROLIER Materials Incorporate Findings of 
School Research 


‘ Many of the questions that will naturally occur to 
educators have already been broadly investigated by 
TMI-GROLIER programing and field testing facilities. 
Our materials now incorporate innovations and im- 
provements suggested by both our cooperative research 
activities with several of the country’s leading school 
systems, and by information derived from the inde- 
pendent experimentation of hundreds of individual 
schools. For example, we find that regional differences 
and high rate of change in some of the sciences make 
it preferable, for the present, to program elements of 
certain subjects, rather than curriculum years. We 
believe that multiplication and division, fractions, addi- 
tion and subtraction, for example, should be programed 
independently, rather than as second, third, or fourth 
grade arithmetic. Treated as modular curriculum units, 
these programs can be easily adapted to a wide range 
of teaching situations. 

In addition to improvements made in the basic pro- 
grams through school evaluations, TMI-GROLIER will 
shortly be marketing a new version of its basic MIN- 
MAX Teaching Machine—the Mark II—which will in- 
corporate design features that schools have told us are 
essential, e.g., automatic paper feed and re-usable pro- 
grams. Our programing facilities in Albuquerque, New 
Mexico, (Teaching Machines, Inc.) operate under the 


personal supervision of men who are acknowledged lead- 
ers and pioneers in the field. TMI-GROLIER’s current 
programs provide a wide range of subjects chosen to 
indicate the rich possibilities of the new medium. Thir- 
teen basic courses in programed learning have been 
completed and thoroughly tested.* Eventually TMI- 
GROLIER programs will include virtually every subject 
in the elementary and secondary school curricula. 


A Challenge — And Opportunity — 
For The Coming Year 


The experiments which schools are now conducting, 
and will conduct in the coming months, are helping to 
prepare the way for one of the most important advances 
in the history of education. Enlightened educators rec- 
ognize that the process is a lengthy and complex one 
and that to defer experimentation now may result in 
undesirable lags later when broad adoption is generally 
indicated. 

TMI-GROLIER is eager to assist in programs of 
controlled experimentation by schools during the com- 
ing year, and to facilitate—in every possible way—the 
sharing of meaningful classroom experiences. 

To that end, we are developing a wide variety of 
materials. If you would like to be placed on our mailing 
list to receive them, write to us under your school let- 
terhead. Our educational consultants and field repre- 
sentatives are prepared to offer invaluable advice and 
assistance. In addition, we are constantly publishing 
literature on various aspects of programed learning 
and its implications to teaching and teachers. Write for 
a list of these publications to Dept. 75. 


*These tested TMI-GROLIER programs are available in 
quantity for immediate delivery: 


MODERN ENGLISH SERIES: Spelling 

MODERN ENGLISH SERIES: Punctuation 

ELEMENTARY ARITHMETIC SERIES: 
Multiplication & Division Facts 

ELEMENTARY ARITHMETIC SERIES: 
Decimal Numbers 

FUNDAMENTALS OF ALGEBRA 

FUNDAMENTALS OF ALGEBRA II 

INTRODUCTORY STATISTICS 

FUNDAMENTALS OF MUSIC 

FUNDAMENTALS OF ELECTRICITY: 
Direct Current 

BASIC GERMAN READING 

BASIC SPANISH READING 

BASIC RUSSIAN READING 

BASIC HEBREW READING 


TEACHING MATERIALS CORPORATION 
575 Lexington Avenue, New York 22, N. Y. 


A Division of GROLIER, INCORPORATED} 


Publishers of Encyclopedia Americana, The Book of Knowledge, 
and other basic educational materials. 
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are not at all affected, but that the sci- 
ence teachers “clam up” and do not 
raise any questions. And what do you 


think of a research participation 
center’s comments that of six different 
groups joining their research team dur- 
ing the summer, the high school stu- 
dents clearly are their most preferred 
students, while the high school science 
teachers seem to profit least of all 
among the groups participating? 

How can we help more teachers to 
have the ability to know when they do 
not know and in the true scientific 
spirit, to admit when they do not know 
and to maintain their curiosity at a high 
level by seeking to find out and learn- 
ing how to find out? How can we help 
more science teachers to participate in 
research, to learn how to do research, 
and to encourage their students to do 
research? How can we extend the re- 
search participation experiences to 
more high school students and how can 
we maintain through the school year, 
the high interest in students seen in 
some of these summer science pro- 
grams by many of us? 

Real progress has occurred along 
these lines in NSF research participa- 
tion programs for high school students 
conducted, among others, by E. A. 
Mirand at Roswell Park Memorial In- 
stitute, J. R. Jablonski at the University 
of Pittsburgh, R. F. Riley (5) at Poly- 
technic Institute of Brooklyn, J. J. 
Sperry at College of Texas (A and M) 
and Harry Sobel at the Committee for 
Advanced Science Training in Los 
Angeles. Mirand and Jablonski, for 
example, have had high school science 
teachers as well as high school students 
in their summer research participation 
programs. And Jablonski is pioneering 
further by deliberately trying to have 
students. and teachers in his locality 
continue their research in the high 
school setting throughout the academic 
year by overcoming present obstacles. 

We further challenge science teach- 
ers to join in the search for better 
answers and not be too content with 
present content in science. We also 
urge all educators, who teach and 
preach science and who help to pro- 
duce scientists, to be users of scientific 
findings and of science as a major 
approach for solving educational 
problems facing the nation. 

We are personally convinced of the 
crucialness of the scientist in science. 
In fact, we state that there is nothing 
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more basic in science than the scientist. 
It is the scientist, first and foremost 
upon whom we depend to push forward 
the frontiers of science. Even when 
funds are spent on research facilities, 
we realize that the scientist is being sur- 
rounded with these facilities in an at- 
tempt to increase his chances of being 
fruitful. And lastly, we believe that the 
scientist whom we hope to produce is 
so vital to science and to the nation that 
we are turning the scientific method on 
the scientist and on his characteristics 
and working procedures. We invite you 
to join in this effort and to help put the 
relevant fruits of all research on scien- 
tists into educational practice. 
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HEN we pause in our teaching to 

consider our objectives—to de- 
cide not only what we want to do but 
why we want to do it—I suspect we 
usually stop with rather immediate ob- 
jectives. On a day-to-day basis we 
decide on something like, “Cover chap- 
ter five,” and the “why” is “To get 
Newton’s three laws across.” On a 
slightly more long-range basis we may 
set ourselves the objective of working 
through some particularly difficult text- 


NOTE: Excerpt from an address entitled 
“Science and Society,” delivered by the 
author at the NSTA Regional Conference in 
Hawaii, June 22-24, 1961. 
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By ALBERT J. BERNATOWICZ 


Associate Professor in General Science, University of Hawaii, Honolulu, Hawaii 


book, and if we ask ourselves “why,” 
the answer is likely to be something as 
profound as “To give them a real 
physics course (or a real biology or 
chemistry course).” This sort of “ob- 
jective,” sometimes amplified with 
statements about “appreciation of na- 
ture,” or “awareness of the world we 
live in” seems adequate when all is 
going well. But when our teaching 
seems unsuccessful or unappreciated, 
when the stack of laboratory reports 
becomes impossibly high and the sum- 


mer vacation seems interminably re- 
mote, then some of us worry about 
these objectives. Do they really explain 
why we keep plugging zway? Are they 
sufficient statements of what we hope 
we are contributing? Why do we teach 
Newton’s laws? Why teach physics, or 
biology, or chemistry? Indeed, why 
teach science at all? What is it about 
science that justifies it in our cur- 
ricula from the elementary grades 
through the college years? 

It is not some one objective, of 
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course, which justifies the teaching of 
science, and no doubt each of us could 
provide a respectable list, but I will 
proffer only one for your consideration 
today. This objective, which is not re- 
stricted to science teaching alone, aims 
to orient the student in western 
civilization. 

Let me try to clarify this statement 
by reminding you that science is a 
peculiarly western activity—that the 
great names and important contribu- 
tions from the days of Copernicus and 
Galileo to the twentieth century are 
associated with Europe and America, 
and the fairly recent contributions from 
the Orient seem to be traceable to 
western influences imposed upon the 
old civilizations in Asia. With this in 
mind it is not difficult to see that litera- 
ture, history, and the social studies are 
not the only subjects which can give 
our students both insight and orienta- 
tion with respect to the milieu in which 
they are developing; an education in 
science is equally essential. 

Understanding science can modify 
the cultural (in the sense of Kultur) 
background in two ways. First, it can 
provide the logical-empirical attitude 
which is so characteristic of western 
thought and western systems of values. 
In some measure we work toward this 
end when we try to inculcate “scientific 
method.” Second, the student can be 
made to understand that science does 
not operate in a social vacuum—there 
is a reciprocating influence between 
science and the other segments of so- 
ciety. I had earlier covered this item 
by suggesting how technology and 
science influence each other, and how 
government is influencing science in the 
space race, but there is a deeper inter- 
relationship between science and so- 
ciety more fundamental than all the 
others as a raison d’etre for science in 
the curriculum. 

The pre-eminent contribution of sci- 
ence to our society has been its influ- 
ence on western thought. Generally, 
the impact has affected the intellectual 
leaders first, and then, transferred to 
nonscience areas and blended with 
other ideas, it affects all of us, condi- 
tioning our general outlook in a subtle 
but pervasive manner. The conditioning 
is so subtle and pervasive that we may 
unwittingly entertain conflicting out- 
looks for different situations, as I shall 
mention in connection with Ptolemy 
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and Copernicus, but this merely empha- 
sizes the extent to which the ideas of 
great scientists have influenced our 
thinking through the centuries. 
Probably the outstanding contribu- 
tors in this regard were Copernicus, 
Newton, and Darwin. Planck, Einstein, 
and Heisenberg will probably join their 
ranks when we get more historical per- 
spective, for most assuredly they have 
already influenced other intellectual 
leaders and it remains only to see in 
what guises their ideas reach future 
generations. There are many lesser fig- 
ures but I cannot list them all, though 
their influence is surprisingly wide- 
spread. One has only to reflect on the 
possible connections between the germ 
theory of disease and such problems as 
a fly in the soup, the number of bath- 
tubs per capita, the too-common preju- 
dice against “dirty foreigners” and 
“unwashed natives,” or the morale of 
soldiers without laundry facilities— 
problems which seem to be emotional, 
esthetic, military, and even political— 
to appreciate the extent of this influ- 
ence from the minor figures. But let us 
look more closely at the three giants. 


Copernicus, Newton, and Darwin 


What, to be specific, was Copernicus’ 
contribution? We teach our students 
that Copernicus developed a theory of 
a solar system with the sun at its center 
and planets revolving around the sun, 
the whole surrounded by stars posi- 
tioned at great distances from the earth. 
For more than a thousand years previ- 
ously, we say, Ptolemy’s theory held 
that the earth was at the center, and 
quite likely the students are told or led 
to believe that Ptolemy was wrong and 
Copernicus was right. Now, it is inter- 
esting that in our day-to-day concerns 
we still refer to the rising of the sun, its 
passage overhead, and its setting. That 
is, in spite of the avowed “correctness” 
of the Copernican theory, we still think 
in terms of the sun going around the 
earth. Furthermore, in one genuinely 
important application, with lives at 
stake, we find a professional preference 
for the viewpoint of a central earth. I 
am referring to celestial navigation, 
since aircraft and ships are navigated 
from a geocentric, not a heliocentric 
point of view. 

Then what is the importance of the 
Copernican theory, if it is of use only 
to astronomers or physicists? Certainly, 
of major significance is its influence 


on western thought. Here is a concep- 
tion which displaced man and his earth 
from a favored position in the center of 
the universe and suggested that the uni- 
verse was enormously larger than previ- 
ously contemplated. Among those who 
accepted this new concept, some were 
humbled by the recognition that man 
had fallen further from perfection, since 
he was no longer to be considered at the 
perfect center of a series of perfect 
circles as Aristotle had visualized him. 
Others were enthused at the possibility 
that removal of the earth from a central 
position called into question the whole 
idea that there was any center at all. 
Perhaps, as Bruno argued, even the 
sun was not the true center and the 
universe might be infinite, as befits a 
Creator of infinite powers. All this was 
at the time of the Reformation and 
much of it was unacceptable to Protes- 
tant and Catholic alike, but it stirred a 
pot which was already bubbling mer- 
rily along. Now that the boiling has 
died down, we have with us the residual 
effect—a philosophical view of man and 
earth as relatively small specks in the 
universe, not at all in a distinguished 
position, and depending upon one’s per- 
sonal philosophy and religion, as being 
either insignificant in the vastness of it 
all or being peculiarly favored by the 
Creator from among all the other pos- 
sible worlds in the universe. In short, 
Corpernicus displaced the anthropo- 
centric view we inherited from the 
Greeks and opened the way to modern 
outlooks of man’s place in the uni- 
verse. And yet we retain the Ptolemaic 
conception for more mundane use. 
Both have their influence. 

Newton’s contribution was even 
more influential. Taking the concepts 
of force and motion that had already 
been recognized by Galileo for ter- 
restrial phenomena, Newton systema- 
tized these into a set of laws which are 
still basic for the physics of everyday 
events. With the aid of these laws, he 
derived a theory of universal gravitation 
and showed that the laws of nature per- 
tained not merely to terrestrial phe- 
nomena but to the movements of 
heavenly bodies as well. The effects on 
society were immediate and are still 
with us: an extraordinary respect for 
the power of mathematical science even 
though the nonscientist does not al- 
ways understand it, a taste for mecha- 
nistic “clockwork” explanations of the 
world around us, and a faith in the 
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existence of “natural laws” which, if 
only discovered, will clarify the un- 
known and guide our conduct in all 
fields of study. 

One instance of these effects is par- 
ticularly convincing evidence of New- 
ton’s influence: John Locke, philoso- 
pher and political theorist, announced 
that he had read Newton’s works and, 
although his understanding was limited, 
he could appreciate the power of New- 
ton’s method. It was Locke who said 
that man has certain natural rights, 
among which are life, liberty, and prop- 
erty. He believed these rights to be 
comparable to natural law, and similar 
ideas about natural rights were held by 
Rousseau. Locke’s statement is gener- 
ally considered to be the direct ancestor 
of Thomas Jefferson’s axiom on the un- 
alienable rights to life, liberty, and the 
pursuit of happiness in the Declaration 
of Independence; Rousseau is credited 
with an equivalent seminal role in the 
French Revolution. 

Just a little more than one hundred 
years ago, it was Darwin who produced 
an impact still resounding in western 
civilization. The idea of organic evolu- 
tion with natural selection as its guid- 
ing mechanism stimulated thinkers far 
more than earlier evolutionary ideas 
had. Natural selection, conceived as the 
survival of the fittest, was and still is 
accepted by many as a natural law justi- 
fying wars, power politics, cut throat 
competition in business or love, com- 
pulsory sterilization, physical education 
programs, eugenics, and no doubt 
other phenomena of human affairs. In 
a more subtle way, the idea of evolu- 
tion per se, whether or not guided by 
natural selection, has its effects, too. 
For it is so easy now to accept the 
Great Chain of Being or the Ladder 
of Nature as a rank order with genetic 
relationships. The organisms on the 
upper rungs are felt to be related to the 
“lower” organisms. But this implies that 
man is one of the animals, higher if one 
insists, but an animal nevertheless. 
Some cannot tolerate such an implica- 
tion; they find it denigrating. Others 
find it logically and emotionally accept- 
able; it provides them, just as the Co- 
pernican theory did, with a satisfactory 
picture of man’s position in the uni- 
verse. Still others find the implication 
ennobling, for to them man emerges as 
an animal evolving from primitive ori- 
gins to his present admittedly imperfect 
state but with promise of evolving 
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nearer to perfection in the future. The 
point here is not, I think, whether Dar- 
win influenced all of us in the same 
way, but that he did influence western 
thought. Like Copernicus, he helped us 
decide on our place in the “scheme of 
things,” a scheme which seemed to be 
predominantly mechanistic, with a 
putative natural law controlling that 
mechanism and, by analogy, the con- 
duct of human affairs. 

My main thesis has been that one of 
our deeper objectives in teaching sci- 
ence is to orient our youth in western 
civilization. Although undoubtedly we 


could profitably slant some of our sci- 
ence teaching toward the history of 
ideas and the factors in the develop- 
ment of our culture, I will make a much 
more modest recommendation than 
that. Let us merely bear in mind that 
science has had profound influences on 
western thought, that the ideas from 
science which we pass on to students 
inevitably condition their outlook, and 
we should find it easier to justify to our- 
selves why we teach science. This, | 
submit, is the justification we need most 
of all, for it justifies the limited objec- 
tives of our day-to-day teaching. 
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HEMISTRY in electronics? Popu- 
lar misconception implies that the 
electronics industry is composed 
mostly, if not wholly, of electrical tech- 
nology. On the contrary, it is an indus- 
try with diversified processing tech- 
niques and exacting manufacturing 
standards which require the services of 
almost every type of scientist and engi- 
neer: chemists, physicists, ceramicists, 
metallurgists, to mention a few; and a 
considerable amount of creativity from 
each. The applications of chemistry in 
electronics have been and are becoming 
increasingly more important. 

Chiefly responsible for post-war 
growth in the industry have been radio 
and television and increased govern- 
ment spending for products for the 
national defense. Such things as mis- 
siles and anti-missiles, space vehicles, 
supersonic extended-range bombers 
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and fighter aircraft, communications, 
early warning detector screens, and 
computers have fantastic requirements 
for electron tubes, transistors, com- 
ponents, and gear. This steady indus- 
trial and economical growth has en- 
dowed the electronics industry with 
increased sales in both the new and 
renewal markets to industry and the 
home consumer, particularly in radio 
and television. These are areas of em- 
ployment for many of today’s trained 
scientists and engineers. 

The functions of the electronics 
chemist might be classified within one 
or more of the following fields: chemi- 


cal analysis, research and development, 
materials engineering and preparations, 
plant facilities and processes, and con- 
sulting services of various kinds. 
Qualification for these jobs usually 
demands specialized academic training 
and a bachelor’s degree in chemistry 
and chemical engineering. Further 
study for the doctorate degree is more 
requisite today than ever before. After 
formal training, continued study of the 
literature and technology is needed to 
keep abreast with latest developments. 
As in any science, intellectual curiosity 
coupled with imagination and creativity 
are some of the most desirable traits for 
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recognition of contributions by associ- 
ates, superiors, and the public. 


Chemical Analysis 


The analyst’s responsibilities are the 
development, application, and interpre- 
tation of analytical and statistical meth- 
ods for analysis. His purpose is twofold. 

First, the need for maintaining a high 
quality product must be satisfied. To 
insure this, many raw _ materials, 
whether they be metals, ceramics, 
glasses, plastics, or chemicals are quali- 
tatively and quantitatively analyzed for 
composition and impurities. Analysis 
is also extended to troubleshooting and 
monitoring factory processes to provide 
smooth flow of materials and to avoid 
high scrap or costly shutdowns. 

Second, the analyst serves to aid the 
research, design, and project engineers. 
The long step between the design board 
or laboratory and the successful appli- 
cation of an electronic device is often 
dependent upon analytical data and its 
interpretation. Data will provide in- 
valuable information about such things 
as identification of materials or sub- 
stances, both foreign or native to the 
device, and will provide a basis for logi- 
cal and systematic deductions concern- 
ing physical and chemical mechanisms 
associated with processing and opera- 
ting’ of the device. Thus, inherent de- 
sign deficiencies may be recognized and 
eliminated before release to the 
customer. 

Although the analyst’s tools include 
the newest spectrographic, instru- 
mental, microscopical, and wet meth- 
ods of analysis, his problems are many. 

His principal struggle is to avoid 
obsolescence by developing new and 
more sensitive instruments and meth- 
ods for analysis; in the electronics in- 
dustry this is a never-ending process. 
New and more reliable devices usually 
require additional new materials. The 
industry is unique in the number of dif- 
ferent materials it uses. Its individual 
needs have already prompted a new 
designation for purer materials—‘elec- 
tronic grade.” Purity is especially requi- 
site in the manufacture of electronic 
tubes and transistors. And, of course, 
higher purity materials require more 
sensitive methods of analysis. 


Research and Development 


Research and development are the 
lifeblood of the electronics industry. 
New tubes, systems, and components 
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require new ideas, materials, and 
various processing procedures. 

Physical chemists, organic chemists, 
inorganic chemists, and electrochemists 
form a team bent upon creativity. The 
products of their creativity may be a 
final electronic entity for sale, but is 
more often a process or part of a tube 
or device which is more efficient, 
cheaper, or entirely novel to the in- 
dustry. Without their support, the ef- 
fectiveness of the electrical and me- 
chanical designer may be seriously 
limited. 

Today, for example, the electronics 
chemist in research and development 


finds his niche in such categories as the 
following, described briefly: 


Electrochemistry 


The trend is toward increased use of 
the rarer or uncommon metals, 
especially for high temperature design. 
To make use of their unique properties, 
chemists are developing new methods 
for electroplating on or with these 
metals. Practical methods for electro- 
plating some of the more common 
metals, particularly in the refractory 
metals group, have not yet been 
achieved. Sometimes, because of their 
position in the electromotive series, 


A new laboratory tool for the measurement of pressures less than one-thousandth of one-billionth of 
atmospheric pressure at the earth’s surface has been developed by Westinghouse scientists. The device, 
known as a photomultiplier ion gauge, was developed as part of an ultra-high vacuum research program 
supported by the U. S. Atomic Energy Commission’s Project Sherwood. Project Sherwood is a long-range 
research program aimed toward achieving controlled nuclear fusion for peacetime uses. The new 
instrument has advantages over conventional low-pressure-measuring devices for many critical ultra-high 
vacuum experiments. Ultraviolet light, shining into the gauge, releases electrons which are multiplied 
in number and used to form charged particles, or ions, inside the device. 
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difficult-to-plate metals are alloy-plated 
with other selected metals, deposited 
from fused salt baths, or plated from 
organic solvent electrolytes. 

Efforts continue to modify or im- 
prove the physical properties of the 
commonly electrodeposited metals and 
to lower costs and improve operating 
efficiency. 

The latest electro-techniques in metal 
finishing are being investigated and de- 
veloped; for example, anodizing and 
anodic coatings, electropolishing of new 
and uncommon metals, and electro- 
phoretic deposition of metals, ceramics, 
and plastics. 

As an illustration, the purpose of 


electropolishing is to eliminate profile 
irregularities in metal surfaces by se- 
lectively dissolving projections and pro- 
ducing leveling and brightness.' It is a 
process much the same as electroplat- 
ing, except that metal is dissolved rather 
than deposited. Here processed parts 
are made the anode rather than the 
cathode as in other research. 

It is a process frequently in use 
today for deburring, reduction of over- 
sized parts, and for producing a smooth 
or mirror finish where mechanical buff- 
ing is not practical. 


1 Metal Finishing Guidebook-Directory. Metals 
and Plastics Publications, Westwood, New Jersey. 
1961. p. 447. 


This specially designed vacuum induction furnace, glowing white hot in the materials laboratories of 
Westinghouse Electric Corporation, is used to prepare a new thermoelectric material—samarium sulfide. 
The new material is one of a family of ceramic-type, rare earth compounds which can convert heat 
directly into electricity at temperatures as high as 2000°F. 


Electropolishing of metals, such as 
copper and tungsten, may be demon- 
strated to the student in beaker experi- 
ments. The piece to be polished is hung 
into an electrolyte between and parallel 
to two cathodes also immersed in the 
media. The work piece is connected to 
the positive and the cathode to the 
negative terminals of a six- or twelve- 
volt storage battery or dry cells through 
a variable resistor. To polish tungsten 
and copper, a lead cathode and a cop- 
per cathode may be used respectively. 
Small tungsten parts can be polished to 
a mirror finish in 20 per cent (by 
weight) sodium hydroxide at 6 volts 
(DC). A 3:1 (by volume) phosphoric- 
acid electrolyte at 6 volts (DC) will 
produce comparable results with simi- 
lar copper parts. Before electropolish- 
ing it is suggested that the metals be 
degreased in boiling trichloroethylene, 
rinsed in clean methanol, and carefully 
dried to avoid other problems. 


Resins, Coatings, and Adhesives 

Electronic devices and gear are de- 
signed for service under a wide and 
varied range of conditions from the 
depths of the oceans to the heights of 
the outer atmosphere and beyond. 

The huge numbers and inaccessibil- 
ity of these components demand long 
life and reliability. Reliability is not 
only dependent upon the device itself, 
but upon appropriate protection against 
water, humidity, temperatures from 
sub-zero to several hundred degrees 
above, shock, and vibration. Potting 
and encapsulation have been a solution 
to the problem. 

The chemist is responsible for the 
selection, formulation, and application 
of special protective materials—usually 
resinous organics or ceramics for en- 
capsulation, potting and adhesive 
attachment of electronic tubes and com- 
ponents. Of considerable concern to 
him are the demands of higher tempera- 
ture environments and reduced pay- 
load mass, particularly in space vehicles 
and aircraft. Future demands will fast 
obsolete present materials. 


Luminescent Materials 


A major use of luminescent mate- 
rials or phosphors now exists in the 
manufacture of electronic tubes and 
devices such as cathode-ray, image in- 
tensifier, radar, storage, and Astracon 
tubes. In addition, many of the new 
solid state devices use them. 
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A new electronic imaging tube, placed on a vehicle in space, will enable scientists to learn more about 
the stars and the depths of interstellar space. Developed by scientists at the Westinghouse research 
laboratories, the tube is sensitive to the short-wave length ultraviolet light rays that are emitted by 
celestial bodies but never reach the surface of the earth since they are screened by the atmosphere. 
Called the Uvicon, the new ultraviolet-sensitive tube was developed for the Astrophysical Observatory 
of the Smithsonian Institute, Cambridge, Massachusetts, for the Observatory’s Project Celescope. 


Luminescence is a general term 
which includes the many phenomena 
involving the absorption of energy by 
a substance and its re-emission as visi- 
ble or near visible radiation. Some 
phosphors are pure substances and 
self-activated, but most materials of 
high luminescence efficiency are acti- 
vated and emit due to small concentra- 
tions of purposely added impurities. 
Small changes in types and concentra- 
tions of these activators reflect char- 
acteristic changes in efficiency, color, 
or related phenomena. 

A simple demonstration will show 
the student how nonluminescent mate- 
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rials can be caused to emit radiations of 
varying colors depending upon the 
activator used. Under an _ ultraviolet 
light source, zinc sulfide and the double 
crystal of zinc cadmium sulfide? will 
show no luminescence; zinc sulfide 
activated with 0.02 per cent silver will 
emit a blue color; zinc sulfide activated 
with 0.01 per cent copper will emit a 
green to orange color; zinc cadmium 
sulfide with 0.02 per cent silver will 
show a yellow glow; and zinc cadmium 
sulfide activated with 0.01 per cent 


2 Samples available only from phosphor manu- 
facturers or television tube manufacturers. 


copper will appear as a greenish-yellow 
color clearly visible. 

Phosphors for electronics are usually 
purchased from outside suppliers, but 
the chemist should remain aware of the 
latest developments in these products 
and of their potential application. In- 
creased phosphor efficiency, resultantly 
higher light output, together with 
higher resolution, would be his main 
considerations for process development. 

Intense interest of late has been 
shown in the application of so-called 
transparent phosphors. Although they 
presently offer high resolution capabili- 
ties, much is to be desired in efficiency. 

More desirable have been electro- 
phoretic techniques for laying down 
phosphor screens, as opposed to con- 
ventional settling or spray methods. 
Thus, improved resolution with no ef- 
ficiency loss can be realized with the 
granular, opaque phosphors in wide 
commercial use because of the thinner 
and more dense layers possible. 


Chemical Cleaning 


Cleanness of device parts is impera- 
tive in transistor and vacuum tube 
manufacture. For example in vacuum 
tubes, inorganic and organic contami- 
nants are sources for gas evolution. 
The result is loss of vacuum, cathode 
poisoning, and finally tube failure. The 
reliability of long-life vacuum tubes is 
dependent upon the protection of tube 
parts from sources of contamination 
and upon efficient methods for contami- 
nant removal. 

Chemical cleaning techniques are 
being developed to remove all but a 
fraction of a molecular layer of con- 
taminant. Combined with the advent 
of ultrasonic cleaning, these methods 
have been a boon to the industry. How- 
ever, preservation of cleanness is con- 
tingent upon adequate storage and pro- 
tection against further contaminants. 
To check and maintain cleaning and 
storage efficiencies, sufficiently sensi- 
tive tests are being devised and put into 
practice. 

One such test, the water-break test, 
can be easily taught to the science stu- 
dent. This test is used for detecting 
monomolecular hydrophobic (nonwet- 
ting) films, such as greases and oils, on 
surfaces and in processing ambients. 

It is performed by immersing the dry 
surface, for example a nickel strip, 
under test into a container of over- 
flowing de-ionized or distilled water 
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Good teachers agree that stimulating teaching aids and materials are necessary 
for an effective secondary-school science program. 0 Clay-Adams has, for the past 40 years, supplied the 
finest anatomical models and charts, laboratory instruments, and supplies for teaching the biological sci- 
ences. All of the more than 1,000 items in the complete Clay-Adams line are made with the most consci- 
entious craftsmanship and of the most carefully selected materials. 0 Many Clay-Adams materials may 
be purchased under the Title III Program of the National Defense Education Act. Consult the Clay-Adams 
“Buyer’s Guide for Science Teaching” on file in your Biology Department. 


Anatomical models and charts Visual aids Dissecting kits and ( Q 
instruments Centrifuges and laboratory supplies Skeletons and bone d 
preparations Blood-testing instruments and supplies Slides and cover- i 


glasses & Medichrome® slides and accessories & Orders may be addressed to: New York 10, N. Y. 
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and by withdrawing it in a vertical posi- 
tion. If clean, the draining water layer 
will remain as a continuous film ovei 
the surface. In areas where hydropho- 
bic substances are present, the draining 
water layer will break up into a discon- 
tinuous film within one minute. 

For control and standardization, a 
freshly cleaved mica sheet (minimum 
ASTM quality, V6, both sides), 1 & 2 
xX .015 inches or larger, should not 
show a water break after withdrawal. 
As little as one drop of a 0.05 per cent 
solution of oleic or stearic acid in ace- 
tone will clearly show demarkation be- 
tween clean and contaminated areas. 
The length of time necessary for the 
water-break to occur can be used as a 
rough indication of the degree of con- 
tamination. It can be shown that a con- 
taminated nickel strip can be cleaned 
by chemical oxidation for 20 minutes in 
a 3 per cent by volume solution of hy- 
drogen peroxide (30 per cent by weight) 
in water at 90°C. Followed by thor- 
ough rinsing in de-ionized or distilled 
water, the samples will pass an immedi- 
ate water-break test. 


Cathodes 


The cathode, by definition that elec- 
trode from which electrons are emitted, 
is the heart of the vacuum tube, and 
poor cathode performance causes ad- 
verse tube operation. Either heat, light, 
high electric fields, or kinetic energy of 
incident particles may be used to cause 
emission. 

Emitter materials may be classified 
into pure metal cathodes, film cathodes, 
composite cathodes, oxide cathodes, 
dispenser cathodes, and matrix 
cathodes.* 

Although much has been learned in 
the last few years, more needs to be 
known about the reaction mechanisms 
of old and new cathodes alike. These 
mechanisms involve both chemical and 
physical phenomena. 

Cathode design requires a funda- 
mental knowledge of the physical and 
chemical properties of many materials. 
After selection and design of a theoreti- 
cal system, laboratory preparation of 
materials of a chemical nature is 
usually necessary, cathode fabrication 
and exhaust processing schedules are 
developed, and the work function or 
emitting efficiency measured. 


3W. H. Kohl. 
Electron Tubes. 
New York. 


Materials and Techniques for 
Reinhold Publishing Corporation, 
1960. p. 520. 
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After many experiments and life-test 
data with new materials and systems, a 
new cathode of practical commercial 
design may be realized. Reliability with 
increased life is the mother of the 
invention. 


Semiconductors 

Recently, semiconductor materials 
have been expanded into thermo- 
electric, photoconductor, infrared de- 
tector, and other device applications. 
Expanded lists of semiconducting com- 
pounds are being made available. Com- 
pounds likely to be semiconductors are 
being chemically synthesized and their 
properties measured. 

From these, arrays related to the 
Periodic Table of the Elements can be 
prepared.* Arrays aid in estimating the 
physical, chemical, and semiconduct- 
ing properties of compounds suspected 
to exist—some of which may not exist. 

Only silicon and germanium in the 
transistor field, as yet, have achieved 
major commercial significance, but 
their manufacturing costs are high. 

Improved processes for synthesizing 
germanium and silicon are being de- 
veloped. New refinement or purifying 
techniques and the growing of single 
crystals have contributed to a more 
thorough understanding of the electri- 
cal, chemical, and mechanical prop- 
erties of solid state materials. Typically 
no more than one part of foreign 
material in 100-million parts is per- 
missible. With high purity materials, 
distribution or “doping” with the 
proper type of atoms is effected to ob- 
tain the desired characteristics. 

These and other manufacturing 
finishing steps, many of a chemical 
nature, are being examined, developed 
and modified, and applied to reduce 
costs and extend reliability. 


Materials Engineering and 
Preparation 


The design engineering of electronic 
materials and processes for construc- 
tion is a constant problem to ensure the 
right material to do the right job. Final 
selection is dependent upon their 
chemical and physical properties and 
their performance determined by evalu- 
ation in their intended environment. 

The large variety of materials re- 
quired, even for a single device, disci- 
plines the chemist to accumulate a 


4A. J. Cornish. Journal of the Electrochemical 
Society. 106:685. 1959. 


familiar knowledge of presently avail- 
able materials, where they can be ac- 
quired, and their design capabilities. 
He must also continue to review the 
literature for recent innovations in the 
materials and process field and work 
in close coordination with the research 
and development staff. 

When so highly specialized that the 
material cannot be obtained elsewhere 
in the desired state or purity, there is 
no alternative but to synthesize it first 
on a small laboratory scale. Frequently, 
material needs are small, but the 
variety of chemical specialties enor- 
mous for present-day research. 

Whether a matter of selection, test- 
ing, or synthesis of chemical materials, 
the knowledgeable judgment of the 
chemist is invaluable. 


Plant Facilities and Processes 


Contained within the average elec- 
tronics plant are many unit processes 
and operations to warrant the control 
and supervision of the “true chemical 
engineer.” They include provisions for 
service utilities—gases, water, power, 
wastes, etc., and actual synthesis and 


Examination copies on 
| request to science teachers 


LIFE’S KEY 


DNA 


By Carleen Maley Hutchens 


Science is closing in on the hitherto mys- 
terious force of life itself ...something 
too small to be seen through a micro- 
scope, but that makes the difference be- 
tween a man, a mouse, and a mountain 
lion. This “‘something”’ is known as DNA 
(deoxyribo-nucleic acid). Here, espe- 
cially for readers 14 and up, is every- 
thing known about it today—an unprece- 
dented opportunity for the young student 
to share the excitement of epoch-making 
research while it is actually in the proc- 
ess of being carried on. 
Just published, $2.52 Net 
Guaranteed Library Binding 


COWARD-McCANN, INC. 
2100 Madison Avenue, New York 16 


25 


More than 450,000 pounds of thrust lifts the U. S. Army’s Nike Zeus missile skyward in a cloud of vapor. The Nike Zeus missile being developed for the project by the 


Douglas Aircraft Company will be designed to intercept ballistic missiles traveling over 15,000 miles per hour, and destroy them at a safe distance from the defended area. 


How do you stop an ICBM? 


How do you detect, track, intercept—and destroy within 
minutes—an ICBM that is moving through outer space ten 
times faster than a bullet? 


Bell Telephone Laboratories may have designed the 
answer: Nike Zeus, a fully automated system designed to 
intercept and destroy all types of ballistic missiles—not only 
ICBM’s but also IRBM’s launched from land, sea or air. 
The system is now under development for the Army 
Ordnance Missile Command. 


Radically new radar techniques are being developed 
for Nike Zeus. There will be an acquisition radar designed 
to detect the invading missile at great distances. And a 
discrimination radar designed to distinguish actual war- 


BELL TELEPHONE LABORATORIES 


World center of communications research and development 


heads from harmless decoys that may be included to confuse 
our defenses. 


The system tracks the ICBM or IRBM, then launches 
and tracks the Nike Zeus missile and automatically steers 
it all the way to intercept the target. The entire engage- 
ment, from detection to destruction, would take place within 
minutes and would span hundreds of miles. 


Under a prime Army Ordnance contract with the 
Western Electric Company, Bell Laboratories is charged 
with the development of the entire Nike Zeus system, with 
assistance from many subcontractors. It is another ex- 
ample of the cooperation between Bell Laboratories and 
Western Electric for the defense of America. 
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formulation of chemical specialties on 
a larger than laboratory basis. 

Of the service utilities, water puri- 
fication and treatment of chemical 
wastes have been of considerable im- 
portance. High purity electron device 
materials require and use new tech- 
niques for obtaining the highest of 
purity low-conductivity water free from 
solubles and suspended matter in the 
sub-micron range. 

An experiment can be prepared to 
show some of the methods used in the 
industry to examine and remove par- 
ticles of colloidal size or larger from 
seemingly high quality water. Colloidal 
particles are too small to see with a 
microscope. They can, however, be de- 
tected by other optical means. If a 
strong beam of light is passed through 
a medium containing particles <107 
cm the path of light cannot be easily de- 
tected. If larger particles are present, 
e.g., colloidal particles of 0.2 » and 
larger, they will scatter light and render 
the beam visible, producing what is 
known as the Tyndall effect. Individual 
particles will become apparent as flashes 
of scattered light. This beam can be 
provided with an ordinary slide projec- 
tor and its lenses and a small aperature 
diaphragm for viewing. 

It may be seen that from such ex- 
amination de-ionized water and double 
distilled water obtained in the labo- 
ratory by ordinary techniques are still 
contaminated with suspended particles 
of varying size, although they may 
have electrical resistances up to 
18,000,000 ohms/cm. After filtration 
through such media as ordinary filter 
paper, fritted glass, porous metallic 
filters, and fiber filters, the student will 
discover that these particles are still 
there, and in some cases in larger num- 
bers and size than before from further 
contamination. 

Fortunately, there are available thin 
cellulosic porous membrane filters® in 
porosities of ten millimicrons to five 
microns which offer absolute retention 
of particles larger than their respective 
porosities. Use of these filters will 
aptly show efficient removal of sus- 
pended contaminants. 

Continued operation of any plant is 
dependent upon effective treatment and 
discharge of chemical wastes. Restric- 


5 Available from Millipore Filter Corporation, 
Bedford, Massachusetts, or Gelman _ Instrument 
Company, Chelsea, Michigan. 
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tions and tightening of state require- 
ments in many cases have compelled 
modifications in present disposal proc- 
essing and the need for new, high 
volume waste treatments. 


Consulting Services 


Lastly, there is the area of consult- 
ing, usually for the more experienced 
chemist who through the years has ac- 
quired a storehouse of knowledge con- 
cerning chemical problems and tech- 
niques associated with electronics. He 
may be strictly a specialist in a limited 
field, or conversely, his experience may 
encompass a wide diversity of chemical 


subjects and aptitudes. You might find 
his title typically to be Advisory 
Engineer. 

Under his advisement and consider- 
ation are the day-to-day problems con- 
fronting the project engineer and his 
development program, the problems 
for immediate solution of the front line 
engineer or foreman, or the relatively 
long-range planning associated with the 
design engineer. Consultations can 
usually eliminate in short order stum- 
bling blocks, seemingly insurmountable 
to the chemically untrained, but routine 
to the chemical specialist having a 
similar experience. 


A COMPLETE APPROACH TO MORE EFFECTIV 


PHYSICS INSTRUCTION FROM RIDER 


an enriched course in intermediate physics 


BASIC PHYSICS by Dr. Alexander Efron  stuyvesant High choot, New York city 


Atom age physics—not Newtonian age physics in 
keeping with today and tomorrow’s needs for in- 
struction in science. A thoroughly modern text 
with a new teaching approach (the spiral) offer- 
ing an enriched course in intermediate physics 
for high school and junior college students. De- 
signed to make instruction more effective, and at 


the same time, motivate student interest, Basic 
Physics is comprehensive, up-to-the-minute, tech- 
nically accurate and is supported by carefully pre- 
pared and detailed illustrations that enhance the 
text. $195, 2 vols. in one cloth binding, 724 PP., 
800 illus., $7.60 list. 


a complete unit of student activity in physics 


LABORATORY WORKBOOK FOR BASIC PHYSICS by Dr. Alexander Efron 


Not only does this Workbook complement the 
Basic Physics course, but it goes further to serve 
as an integral and vital part of the course. It is a 
complete unit of student activity in any physics 
course in which physical and mathematical think- 
ing is emphasized. The Workbook is a teaching 
and learning instrument not simply a collection of 
experiments. The real goal of all laboratory work 
—the learning of physics through first-hand ex- 
periences with apparatus and material—is realized 
from the use of this workbook. 


New apparatus, new ways of using it, new ques- 


tions and problems have been employed to arouse 
student interest. Many of the experiments are dis- 
tinctly modern in character—defraction gratings, 
photo cells, alternating-current circuits, vacuum- 
tube characteristics, measurement of radioactivity, 
polarized light, study of wave motion, the action 
of the transformer, etc. Many of the line draw- 
ings are specially designed to be completed by the 
student in the course of, or after, his experiments. 
Ample reference tables, graph paper and other 
aids are included. #195-2, 206 pages, soft cover, 
814” x 11”, $2.50. 


a definite learning unit in high school physics 


PHYSICS QUESTIONS AND PROBLEMS (WITH ANSWERS) by Dr. Alexander Efron 


Includes a large collection of carefully designed 
exercises, many of them illustrated with line draw- 
ings and all graded in difficulty. More than 600 
important problems and answers for use in con- 


junction with BASIC PHYSICS have been listed. 
These exerciseS have been used with the author's 
own classes and own text with great success. 
#195-3 soft cover, 56 PP., 844” x 11”, illus., $1.50. 


an educational aid to the physics student 


HOW TO SOLVE PHYSICS PROBLEMS by Edwin M. Ripin, B.A. 


The purpose of this book is not merely to make the 
solving of problems in physics ‘“‘easy’’—but to help 
the teacher teach physics to high school seniors 
and first-year college physics students. Approxi- 
mately 200 physics problems are solved in this 
book by the “dimensional’’ technique, which re- 
duces to a minimum, the number of formulas 


which must be remembered. A broad and swift 
survey of the subject; no two problems are exactly 
alike; no problem is presented or referred with- 
out its full solution provided. As a supplementary 
teaching aid, physics instructors will find it an 
invaluable aid; students will find it clear and in- 
structive. #260, $1.80. 


stimulate scientific interest and speed your student's (12 to 16 years) progress 
EXPERIMENTAL CHEMISTRY FOR BOYS by Morris Goran....$3.45 
EXPERIMENTAL BIOLOGY FOR BOYS by Morris Goran.......... $3.45 
EXPERIMENTAL ELECTRICITY FOR BOYS by Willard Doan....$3.45 


These three books from Rider will play an impor- 
tant role in your teaching program in the subjects 
of electricity, chemistry and biology. They are not 
experimentation books in the sense of giving direc- 
tions the way a cookbook does, rather they are de- 
signed to help your students learn the essentials of 
these subjects by experimentation. The books will 
make an excellent contribution to your science teach- 


ing program in the classroom; as supplementary 
reading in your library and for the science clubs in 
your school. The experiments utilize simple equip- 
ments and material available not only in the school 
lab, but even in the home. All experiments are tested 
and safe with directions for safe procedures. Illus- 
trations—many in color—makes the text very under- 
standable. 


Serd for review copies on 30 day approval. At end of 30 days you can either 
remit price of book or return it without cost. SCHOOL DISCOUNTS APPLY 


JOHN F. RIDER PUBLISHER, INC. 
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Computer Technic 


By HAROLD V. McINTOSH 


Research Scientist, Research Institute for Advanced Study, Baltimore, Maryland 


UZZLES and brain teasers have 

proved to be effective devices in 
teaching young scientists to use elec- 
tronic computers. 

An experiment was conducted at 
the Research Institute for Advanced 
Study, the Martin Company’s basic re- 
search institute, which sponsored the 
course in computer programing for 
students. The Institute was one of three 
held on the campus of Morgan State 
College, Baltimore, Maryland, during 
the summer, the other two being 
courses for high-ability high school 
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students and for high school teachers 
of mathematics and science, sponsored 
by the National Science Foundation. 

Twelve students—from high school 
seniors to graduate students at Harvard 
University, Cambridge, Massachusetts 
—attended the eight-week course. All 
students, whose ages ranged from 17 
to 23, were gifted in mathematics. 

In this course, it was my intent that 
we be concerned primarily with the 
use of the computer in solving logical, 
rather than numerical problems. An 
example of a numerical problem is the 


ues 


computation of the payroll of a large 
company; a logical problem would be 
a search for the symmetry character- 
istics of a complicated chemical mole- 
cule or related problem. 

It was found that students in writing 
solutions to puzzles developed a 
sharply increased awareness of the 
potentialities of the computer as an in- 
strument of logic. 

Computers solve problems, whether 
logical or numerical, in accordance 
with directions given them in a pro- 
gram, which is a sequence of steps ex- 
pressed in language the machine can 
understand. 

Good programing techniques enable 
human beings to utilize the high relia- 
bility and the enormous speed of the 
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machine. The electronic computer can 
perform a hundred thousand calcula- 
tions in a second and can solve a differ- 
ential equation in five minutes that 
would take a man five years, assuming 
he could work that long without mak- 
ing an error. 

Students have already written pro- 
grams to solve the Tower of Hanoy 
and the Chinese Ring puzzles, which 
provide interesting exercises in logic. 
Others have written a program that will 
enable the computer to solve the 
popular “cannibal-missionary riddle.” 

The solution of puzzles is by no 
means an end in itself; it is only one of 
several approaches whereby students 
acquire an understanding of computer 
techniques. 

Some students worked on programs 
of a purely mathematical nature. One 
wrote a program to simplify algebraic 
expressions, another to calculate de- 
rivatives and to evaluate determinants 
symbolically. 

Other students concentrated on the 
study of specific functions that certain 
types of programing can _ perform. 
The programing techniques studied 
most intensely during the course were 
LISP (a list processor developed by 
Professor John McCarthy, of the 
Massachusetts Institute of Technology, 
Cambridge, and his students); FLT 
(the Fundamental Logic Translator 
being developed by the author); and 
SOS (SHARE Operating System, de- 
veloped by SHARE, an association of 
users of IBM equipment). 

One of the most interesting projects 
was a handbook of LISP functions 
started by the students. Work on the 
handbook will be continued in next 
year’s summer course. Already over 
sixty LISP functions have been defined 
and their mode of operation described 
first in English and then in “machine 
language.” 

Another benefit of particular im- 
portance has been a more complete de- 
velopment of certain facets of FLT. 
Many of the ideas were contributed by 
students, and part of the code was 
written by members of the course. 


Class for “Computers.” Harold V. McIntosh, author 
(r.), explains list functions to Dan Hartline, 21, of 
Hydes, Maryland; John Baildon, 17, of Dundalk, 
Maryland; and Judy Barnes, 19, of Chambersburg, 
Pennsylvania; (I. to r.). 
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Mobile for Computing. Peter Conrad, 18, of Fork, Maryland, a student at Yale University, New Haven, 
Connecticut, studies a mobile he built to help him visualize the structure of lists, a fundamental concept 
in understanding the logical use of electronic computers. The unit he is holding is an atomic symbol, 
one single basic entity. A list is made up of a collection of symbols or of other groups of symbols. The 
mobile was built by Conrad while attending the i in computer Theory and Applications. 


: 4 : 
4 q € 4 > 


DEMANDED 


-LYTE 
Opaque Projector 


Today’s accelerated teaching curricu- 
lum, with its accompanying increase in 
uses for the opaque projector, demand- 
ed new design improvements. Accept- 
ing the responsibility of leadership, 
Beseler engineers answered the chal- 
lenge with the startling new Vu-Lyte 


Years ahead, it is completely different 
from all others in brilliance . . . perform- 
ance ... and, above all, compactness. 
The Beseler Vu-Lyte II accepts all ma- 
terials up to 10” x 10” in size... hasa 
high luminosity optical system, with 
1000 watt lamp, delivering 145 lumens 


CHARLES BESELER COMPANY | 


Designed For 
Today’s Teaching 


Objectives 


PROJECTION 
DIVISION 


on the screen... has built-in feed-o- 
matic continuous copy conveyor and 
1000 watt optical pointer — and with all 
this... is 1/3 SMALLER* than all earlier 
Beseler Opaque Projectors. 

If you use an opaque projector, or 
plan to purchase one in the near future, 
you owe it yourself to see the new 
Beseler Vu-Lyte II. 

A NOTE ON YOUR LETTERHEAD 
WILL BRING YOU A DESCRIPTIVE 
BROCHURE ...OR, IF YOU WISH, 
A FREE PERSONAL DEMONSTRA- 
TION (No Obligation, Of Course). 


*based on cubic dimensions 


204 So. 18th St., East Orange, N. J. 
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One of the students has prepared a 
portion of FLT which will allow a 
person to use headings whose form 
indicates the portion of the program in 
which they belong. For instance, a 
simple decimal nomenclature permits 
one to indicate that portions of the 
program follow in a definite sequence, 
whereas other forms of the notation 
indicate which of several alternatives 
the program should choose. 

Other students have done some very 
interesting work to illustrate the pro- 
gram, in particular the preparation of 
a flow chart to accompany it. This 
allows a person to see at a glance a 
current version of the program which 
he is preparing. Besides its use in FLT 
proper we expect such illustrative pro- 
grams to be very helpful in increasing 
the understandability of the output of 
programs. 

One student, a high school graduate 
who worked for us for six months 
while awaiting the fall term of college, 
prepared a program which takes a 
group table for a small finite group in 
normal form and makes an exhaustive 
analysis of the subgroups, classes, and 
normal subgroups of the given group. 
As an example, we have used this pro- 
gram to analyze the nonabelian groups 
of order 16 which shows a number of 
interesting similarities and differences 
among them. 

The heart of the classroom sessions 
was a Series of lectures which I gave on 
group theory and matrix theory and 
fundamental mathematical concepts, as 
I regard these as essential to under- 
standing the logical potentialities of the 
computer. 

For four hours each morning stu- 
dents attended these lectures and others 
by guest lecturers, such as Eduardo R. 
Caianiello, Chairman of the Institute 
of Theoretical Physics at the University 
of Naples, Italy, who described his 
work with “thinking machines.” 

In the afternoons the students 
worked on problems assigned to them 
and on special projects of their own 
choosing. 

A keypunch in the classroom pro- 
vided students with the opportunity to 
write their programs which were then 
processed at the Martin Computation 
Center on the IBM-7090 computer. 

Dan Hartline, 21, a 1961 graduate 
of Swarthmore College, Swarthmore, 
Pennsylvania, says the course will be 
useful in his graduate studies in bio- 
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Key to Programing. William Skeen, 17, of Arbutus, Maryland, used a keypunch to prepare a program 


for the IBM-7090 electronic computer. 


physics at Harvard University, Cam- 
bridge, Massachusetts. The only col- 
lege graduate in the course, he has been 
able to write programs in LISP, SOS, 
and FLT. 

“The idea of using computers logi- 
cally is difficult to grasp from man- 
uals,” said Dan. “It is better to work 
with someone who knows the possi- 
bilities. Then you just sit down with a 
program and figure out what it does.” 

Even though the idea of using a 
logical instrument to supplement one’s 
reasoning is a concept of long standing, 
it was not until electronic computers 
were developed about fifteen years ago 
that we had any practical means of 
realizing the possibilities now becoming 
evident from various research results. 

By contrast, the use of the computer 


for numerical purposes dates back 
thousands of years to the invention of 
the first “computer,” the abacus of 
ancient China and Egypt. 

From my undergraduate work in 
physics and then to graduate work in 
mathematics, at Cornell University, 
Ithaca, New York, my interest has 
been in the field of theoretical quantum 
chemistry. The interest in computing 
has evolved from my efforts to find 
more effective techniques for solving 
problems in this field. I believe the 
devices noted here will provide addi- 
tional tools to aid teachers and scien- 
tists in their use of computers. 

These machines have no imagination 
at all. They are very literal. The only 
way to make them less so is to have 
more imaginative people use them. 
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HE Northern California Commit- 

tee on Problem Solving in Science 
(NCCOPSIS) was organized as one of 
two efforts to encourage teachers to 
form study groups in science education. 
Problem solving, as an approach in the 
teaching of science, was selected as the 
initial area for study during the first 
year of operation. 

A review of the available literature 
on problem solving revealed that 
various writers presented many logical 
analyses. Little, however, had been 
written about the classroom implemen- 
‘tation of problem solving as a goal of 
science teaching. 

In the second year, we invited mem- 
bers from the California Science 
Teachers Association to join the study 
groups. Plans included a request from 
each member to send in examples of 
classroom situations applicable to 
problem solving-teaching. Evaluation 
of the examples sent in disclosed that 
most of the contributions were diverse 
and incomplete. We found from the 
results that we needed to extend and 
develop our teaching skills in this par- 
ticular area. 


NOTE: The interested response of mem- 
bers to the report of this exciting study, 
when presented at the NSTA 1961 Chicago 
Convention, has prompted publication of 
this article for the benefit of all teachers. 
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Approach? 


By CLAIR W. ELMORE 


Physical Science Teacher, Santa Rosa High School, Santa Rosa, California 


OREON KEESLAR 


Coordinator, Santa Clara County Office of Education, San Jose, California 


and CLYDE E. PARRISH 


Chemistry Teacher, Cubberley High School, Palo Alto, California 


Thus began the framework in which 
the committee began its third year of 
work. The examples that had already 
been evaluated were revised and re- 
structured to give practical problem 
situations. In hammering away at these 
examples, the Committee developed 
considerable skill in identifying and 
appraising possible problematic situ- 
ations in the classroom. Every example 
was studied critically and intensely by 
the study group, no preferences were 
given to contributed material. 

In the fourth year, the committee 
decided to collect the restructured ex- 
amples in publication form to distribute 
to other teachers in science. These 
plans did not materialize because of 
lack of funds, but the committee pre- 
pared a limited number of mimeo- 
graphed copies and distributed the 
material under the title, “Problem 


Solving in Science Teaching.” Consid- 
erable requests for the material 
necessitated a second run. Finally, a 
book publisher became interested in 
running the material as a series in a 
service bulletin. 

The Committee activities later fo- 
cused on NSTA Convention plans at 
which major sessions were held. In the 
current year, the seventh, attention is 
being directed to the development of 
tests which will measure the effective- 
ness of our efforts to teach students to 
be problem-solvers in science. 


What Problem Solving Means 


Out of these years of exploratory 
sessions the NCCOPSIS Committee 
has derived the following from its 
observations: 

1. As a cultural asset, science has 
two main facets, the attitudes of mind 
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and the skills in problem-solving 
methods by which scientifically-minded 
people have for many centuries sought 
to understand and control the world 
around them with some degree of in- 
telligence and insight, as well as the 
fund of generalizations, concepts, and 
facts (information) which these meth- 
ods and attitudes of mind have enabled 
man to develop. Both of these facets 
are of prime importance in science 
teaching at every level. 

2. Scientific attitudes of mind and 
well-conceived methods of solving 
problems are as applicable to personal- 
social problems as they are to problems 
of the physical environment. As one 
committee member remarked, “It is 
not the problem itself, but the method 
of solving it, which is scientific in 
character.” 

3. No one step-by-step procedure in 
attacking a problem can be singled out 
as the Scientific Method, although cer- 
tain elements of method have been 
found to be common to a variety of 
scientific problem-solving procedures 
(recognizing and clarifying the prob- 
lem, gathering appropriate information, 
setting up hypotheses and testing them 
experimentally if possible, isolating the 
experimental factor by means of a con- 
trol, running check experiments, mak- 
ing careful measurements, organizing 
and interpreting the data, drawing 
suitably qualified conclusions, and 
others). The number of steps involved, 
and the order in which these various 
elements of methods may occur in any 
given situation, will depend on the 
nature of the problem and the back- 
ground of experience and insight that 
the problem-solver brings to it. 

4. Of even more importance than 
method is the “spirit of science” (scien- 
tific attitudes of mind) which motivates 
the individual. These attitudes ulti- 
mately determine the methods he will 
choose and the standards he will set 
for himself in pursuing the solution of 
a problem (sincere curiosity as to 
causes-and-effects, respect for others’ 
opinions, tendency to entertain honest 
and reasonable doubt in accepting dog- 
matic or unsupported statements of 
fact or personal beliefs, desire to be 
accurate in observations, willingness 
to hold conclusions as tentative and to 
suspend judgment until sufficient facts 
have been secured, habit of planning 
before executing a problem-solving 
procedure, etc.). 
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5. To develop in an individual a 
reliable disposition to use scientific 
methods whenever he attacks one of 
his problems, he must have had re- 
peated opportunities to experience such 
procedures. Problem-solving skills can- 
not be taught by simply “talking about 
scientific methods” as a topic in a text- 
book; they must be practiced re- 
peatedly in real problem-situations 
under the guidance of a sensitive 
and capable teacher. 

6. A problem for a student is not 
necessarily inherent in any given ques- 
tion, interesting and exciting as it may 
seem to the teacher. The problem as 
such must spring to life in the mind of 
the student; and the teacher can do no 
more than create situations which chal- 
lenge and tantalize, leaving questions 
unanswered perhaps, and manipulate 
and encourage the student’s thinking to 
the point where he accepts the problem 
as his own. In the same sense that a fish- 
ing lure is not a lure unless it attracts 
fish and induces them to strike, a prob- 
lem is not a real problem unless the 
student has an unanswered quandary, 
puzzle, or question in his mind and 
feels enough concern about it to want 
to seek a solution by whatever means 
his ingenuity and insights may permit. 

7. The teacher’s role becomes one 
of guidance, of seeking to get the meas- 
ure of each student’s thinking, and 
calling his attention to unrecognized 
sources of error, false assumptions, and 
other deviations from good practice 
which he must become aware of and 
correct before he can become skilled in 
scientific problem solving. 

8. The best problem solving occurs 
when the student is self-motivated and 
on his own, free to try out hypotheses, 
explore ideas, and make mistakes. As 
a committee member once pointed out, 
he is spending most of his time in 
planning, defining, exploring, investi- 
gating, re-working, trying out, making 
judgments, gathering data, appraising, 
organizing, interpreting, evaluating, ap- 
plying, cross-checking, observing, and 
experimenting. 

9. The teacher should focus both 
the demonstration-discussions of the 
classroom and the work being done in 
the laboratory directly on the problems 
the students are solving, making the 
classroom and the laboratory both 
mutually supporting aspects of the 
same enterprise. 

10. To succeed in problem solving, 


a student must be able to organize his 
science facts into meaningful relation- 
ships, as new concepts, principles, and 
generalizations. This is a time-consum- 
ing endeavor, and a highly personal 
one for each individual, requiring an 
atmosphere or “climate” that is per- 
missive, allowing the student consider- 
able free choice in organizing and 
conducting his researches. The teacher, 
the student, and the parents must ac- 
cept the fact that technological ad- 
vances of the past two decades alone 
have made it humanly impossible to 
“cover” any given field of science with- 
in the scope of the high school curricu- 
lum. Instead, data-gathering becomes 
a common activity, both in the class- 
room and the laboratory, directed 
toward the solution of actual problems 
in science. Estimating the probable 
error in mensuration and computation 
becomes a positive factor that students 
must bear in mind in gathering and 
interpreting such data. In fact, the 
precise right answer then is recognized 
as a hypothetical point more to be 
abjured than striven for in evaluating 
one’s results in gathering scientific 
data, and we should look askance at 
exactly right answers when the measur- 
ing instruments are crude and chance 
errors are inevitable. 

11. The student needs to discover 
his errors, select his data, weigh his 
evidence, and make judgments on his 
own. When experiments are conducted 
with the expectation that all students 
will get identical answers, the aim is 
quite unrealistic, if not scientifically 
dishonest, and discourages rather than 
encourages real problem solving. It is 
also unrealistic to expect all students 
to proceed at the same rate and to 
arrive at an answer together on any 
given day. Problem solving is a highly 
individualistic matter, and cannot be 
effectively regimented. 

12. Teachers should make students 
familiar with the general aspects of the 
methods and procedures of scientific 
problem solving—through description 
and discussion, actual demonstration 
(perhaps role-playing), and first-hand 
practice in complete acts of solving 
interesting problems, working at a level 
consistent with the students’ command 
of the subject matter. Students should 
be shown how to seek needed informa- 
tion in publications, how to tabulate 
and interpret data, how to increase 
accuracy of measurement, how to 
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Ten minutes spent with any of these three UNITRON Student Microscopes will 


tell you more than we could say in ten thousand words. That’s why we’d like 
to invite you to try one — or all three — for ten days ... FREE. The only thing 
you have to invest is the next 5 minutes ... to find out what’s in store for you 
in top-notch performance and added advantages. 


WHAT'S THE At first glance, the printed 
DIFFERENCE? SP¢cifications on all student 

microscopes look the same. 
You might well ask “‘What’s the difference — 
if any?” Here are the facts. 

Even many of the largest manufacturers 
feel that optical and mechanical short cuts 
are quite acceptable in microscopes designed 
for the school or college laboratory. There- 
fore, they design their microscopes with 
lower-resolution objectives, without con- 
densers, and often simplify mechanical con- 
struction. In contrast, UNITRON Student 
Models MUS, MSA, and MLEB are de- 
signed to give regular, professional performance, 
with no compromise in image quality. 


For a_ begin- 
THE LAWS OF OPTICS HOLD ; g 
FOR STUDENT MODELS TOO = ™™S student, 


any enlarged 
image seen through the microscope will 
appear exciting. But isn’t it just as important 
to see a correct image? A true picture? 
Magnification without resolution is empty 
... the image appears blurred and details 
are fringed with diffraction lines in much 
the same way as a faulty TV picture. That’s 
why UNITRON doesn’t offer a ‘student 
series’ of objectives which, though named to 
imply ‘‘achromatic’’, still let color and aber- 
rations in through the back door. All 
UNITRON Student Microscopes are 
equipped with the same professional-type 
objectives supplied on our more expensive 
medical models. Because our high-dry 
40X objectives and condensers each have a 
numerical aperture of 0.65, the student can 
enjoy the same quality image at 400X or 
600X that the medical student sees through 
his more expensive instrument. 


WHY A CONDENSER? microscopes using 


‘student series’ objec- 
tives, the omission of a condenser may not 
be too serious, because there is really no high 
numerical aperture, or resolving power, to be 
realized. But all UNITRON Student Micro- 
scopes have a 0.65 N.A. condenser to utilize the 
high resolution of our professional quality ob- 
jectives. We also provide an adjustable iris 
diaphragm (not merely a disc diaphragm) 
to control light reaching the condenser. All 
these extras work hand in hand with 
UNITRON’s anti-reflection coated optics 
to produce an image of optimum contrast 
and clarity. 


WHAT STAND Teachers and 

2 easy operation, durability 
DO YOU TAKE! and adaptability. And that’s 
just what UNITRON Student Microscope 
Stands are designed to give. Positive and 
smooth coarse focusing is by a diagonal-cut 
rack and pinion. A simple counter-twist of 
the knobs gives easy tension adjustment to 
meet any preference. A separate and inde- 
pendent fine focus with full range of travel 
has a precision micrometer screw to assure 
sharp images. 

Now — about the microscope stage. For 
precise movement of the specimen at 400X 
and higher, UNITRON offers a quick, easy 
way of attaching a reasonably priced me- 
chanical stage. (Some manufacturers offer 
this feature— but only on their higher 
priced models.) All UNITRON Student 
Microscopes have stages pre-drilled and 
tapped to permit future addition of a precise, 
but inexpensive ($14.75) mechanical stage. 
The large stage of Models MUS and MSA 
also acts as a bumper, projecting be- 
yond the objectives and nosepiece to prevent 
accidental damage. 


SOMETHING NEW All UNITRON Student 
HAS BEEN ADDED. Microscopes now have 

built-in focusing stops 
that prevent accidental contact between the 
objective and specimen slide. This reduces 
repair costs for objectives and prevents slide 
breakage. Without the stop, it is easy for 
beginning students ¢o pass through the critical 
point of focus, not even realize it, and ram 
the objective into the slide. The new stop 
also saves time and temper by automatically 
placing the image in approximate focus. 
Student guesswork is eliminated. 


NEW 10X WIDE Student microscopes are 
FIELD EYEPIECE Often chosen with at least 
two eyepieces, usually the 
Huygens type ...a 5X for its large area of 
view, and a 10X for the magnification needed 
for critical observations. Now, our new 
coated 10X Wide Field eyepiece combines 
both these features in one eyepiece — a large 
field and the desirable 10X magnification. Teach- 
ers will like it: one eyepiece is more con- 
venient than two. There’s no chance for 
the extra one to become lost or damaged. 
And, it’s slightly easier to use the Wide 
Field eyepiece because of its longer eye 
relief — you don’t have to get your eye so 
close to the lens. Model MUS is now regu. 
larly supplied with this new eyepiece, but it’s 
optional on Models MSA and MLEB, too. 


ATTACHABLE SUBSTAGE A snap-fit illuminator 
ILLUMINATOR. that attaches by means 

of the regular mirror 
mount, this new accessory eliminates any 
need for mirror adjustments or an outside 
light source. Even when the microscope is 
moved or inclined, the illuminator stays in 
alignment. It combines correct light in- 
tensity with convenience. Operates on 
regular 110-115V. current. The housing is 
rotatable 180° to give a choice of two types 
of illumination: bull’s eye condenser for 
concentrated light or plane condenser for 
diffuse lighting. Built-in blue filters give 
daylight quality. Cost? only $10 as an 
accessory (less an allowance for the regular 
mirror if you don’t need it.) 


MEETS C.C.S.S.0. UNITRON Student 
REQUIREMENTS... Microscopes more than 
AND MORE. meet the general re- 


uirements outlined in 
the Council of Chief State School Officers Purchase 
Guide. Our microscopes are available with 
either three or two objectives. Models with 
two objectives are supplied with a triple 
revolving nosepiece (with removable plug 
in the extra aperture) so that you can add 
another objective when you want it, without 
the extra expense of changing nosepieces. 


CAN YOU AFFORD Check some of the prices 
NOT TO BUY? listed in other suppliers’ 

ads and literature... 
then look at ours. UNITRON saves you real 
money. And, if you’re in the market for 
several instruments, new quantity discounts 
make our prices even lower... 10% for 
5 to 10 and even higher discounts on larger 
quantities! 


WHY NOT If you are planning to buy 
TRY ONE? microscopes, now or for your 

next budget, please accept our 
invitation to try one, or all three, UNITRON 
Student Models in your own laboratory, at 
our expense. Let UNITRON prove itself 
to you before you decide, 


*Free delivery to your school. Plastic dustcover, fitted wood case with handle and lock, are all included in prices shown. 
For information on other microscopes and accessories, send for free catalog — see coupon. 


$75 each 


UNITRON STUDENT MICROSCOPE..... 
EYEPIECE — Coated 10x Wide 
OBJECTIVES — Achron 


MODEL MSA 
10x, 15x.> 


NITRON STUDENT—LABORATORY ... MODEL M 


(illustrated with optional illum: 


_ INSTRUMENT COMPANY + MICROSCOPE SALES D 
66 NEEDHAM ST., NEWTON HIGHLANDS 61. MA 


O l accept (without cost or obligation) your invitation 
to try Model(s) for 10 days. 
O Please send UNITRON Microscope catalog # 8-W 


NAME 

SCHOO: or COLLEGE 
STREET 


ZONE.____ STATE __ 


F 
ae 
SUBSTAGE — .65NA condenser, s and mirror : 
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A narrated color 
filmstrip on oceanography. 
© Frevton DESIGN STUDIO 1961 


A narrated color 
filmstrip on oceanography. 
Recorded for either 
synchronized projection 
or manual operation, this 
17 minute sound-filmstrip 
gives an introduction to 
and a history of 
oceanography, defines 
the general areas of 
oceanographic research, 
and shows examples of 
both present and 

future techniques for 
oceanographic work. 
DEEP FRONTIER 
concludes with a brief 
view of the many areas of 
interest encompassed by 
oceanography. 

83 frame color filmstrip, 
12 inch record 331/3 RPM, 
and accompanying 
pamphlet . . . $16.50 


FELTON DESIGN STUDIO 
1830 Jefferson Place, N.W. 


Washington 6, D.C. 
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establish suitable controls in experi- 
mentation, and how to cope with other 
procedural problems inherent in scien- 
tific problem solving. 


Problem Solving in the Classroom 


To indicate how the NCCOPSIS 
study sessions bore fruit, through shar- 
ing ideas, mutually criticizing them, 
taking them back to home high schools 
to be tried out, and reporting the re- 
sults as soon as they were known, the 
following example is offered as an 
illustration of how both the teachers 
and their students entered into a 
creative effort to solve a problem scien- 
tifically. 

At one of the NCCOPSIS meetings, 
Teacher “A” suggested a demonstra- 
tion problem. Two 100-ml beakers are 
placed side-by-side inside a wide- 
mouth coffee jar, one containing 50-ml 
distilled water and the other 50 ml of 
saturated salt water. The lid is screwed 
on, making the system airtight. The 
class is challenged with a problem: 


I have noticed that, over a period 
of time, the water level in one of the 
beakers lowers and the other rises, 
until one is empty and the other is 
full. In which direction do you think 
the transfer takes place—and WHY? 

If you get any ideas that might be 
helpful, write them down and hand 
them in. If you can devise any ex- 
periments to shed further light on 
the matter, do so either here or at 
home—but let us know what you 
try, and what happens. 


At the next meeting a month later, 
Teacher “B” reported that thirty stu- 
dent comments were turned in, none 
fully adequate but all did show some 
thinking on the problem. Student “A” 
had set up a similar jar in the labo- 
ratory, adding a third beaker of chemi- 
cal pure dry salt, to determine whether 
or not salt “draws” water to it. The 
books say that salt is not deliquescent. 

At the end of another month, 
Teacher “B” reported that Student “B” 
had set up apparatus of his own devis- 
ing, to test whether other similar but 
separate systems reacted in the same 
way—H.SO, and water; acetone and 
water; salt water and water; and 
NH,NO; and water; and the student 
was photographing the systems each 
month to record results. 

Teacher “C” reported that his class 
had become interested in other relation- 
ships in addition to the one demon- 


strated: The water cycle in nature, 
kinetic theory, evaporation, condensa- 
tion, solution, polar and nonpolar 
molecules, volatility, and equilibrium. 
Questions raised included: 


Would the same thing happen if 
another liquid were used in which 
the salt is not soluble? 

Would it happen faster if it were 
alternately heated and cooled? 
Would it happen at all if kept at the 

same temperature? 

Could it be reversed? 

Does it require energy from outside 
the system? 


Stimulated by these results, Teacher 
“A” offered an experimental test on 
“Scientific Observation” (based on the 
foregoing demonstration), and invited 
the NCCOPSIS people to use and 
evaluate it: 


On the basis of your experience 
in watching the Diffusion Experi- 
ment for a long time, mark each 
of the following statements with a 
plus sign if you feel it is related to 
the experiment, or with a minus 
sign if you feel it is unrelated to 
the experiment. After each state- 
ment, tell briefly WHY you 
marked it as you did. 


Water “prefers” to be in a beaker. 

Salt somehow “attracts” the water. 

Water somehow “dislikes” being 

with salt. 

Water is more volatile than salt. 

5. Salt is more volatile than water. 

6. Salt water boils at a temperature 
lower than fresh water. 

7. Fresh water boils at a temperature 
lower than salt water. 

8. Salt and water molecules attract 

each other more than water mole- 

cules attract each other. 


wn 


9. Water molecules attract each 
other more than they attract salt 
molecules. 

10. Water condenses more in_ the 
fresh-water beaker than in the 


salt-water beaker. 

11. Water condenses more in the salt- 
water beaker than in the fresh- 
water beaker. 

12. The surface of the fresh-water is 
colder than that of the salt-water 
beaker. 

13. The surface of the salt-water is 
colder than that of the fresh-water 
beaker. 

14. The surface o/ the fresh-water is 
colder than other areas in the 
system. 

15. The surface 
colder than 
system. 


of the salt-water is 
other areas in the 


THE SCIENCE TEACHER 


| 
f= SD 
—= 
NOW AVAILABLE: BS 
—— 
a — 
4 
| 
= 
: 
‘ 


16. In your own words, give any other 
explanations or ideas you have, 
that might explain the phenomena 
you have observed. 


Two years later, Teacher “B” re- 
ported that Student “B,” then in col- 
lege, returned to visit the high school 
expressly to view his long-term experi- 
ment, which is still running in the 
laboratory and producing continued 
interest in the results. 


Chain Reactions in the 
Problem-Solving Approach 

The foregoing example, a simple 
illustration, sprang from an idea which 
one teacher found in a twenty-year-old 
book. It proved to be a thought-starter, 
which he shared with other teachers in 
the NCCOPSIS group. When his col- 
leagues tried the idea out in their class- 
rooms, they found their students adding 
to it creatively, ramifying it in many 
unexpected ways, and inventing ap- 
paratus and experimental approaches 
with which seek answers to 
further questions. These _ student- 
developed ideas were soon fed back to 
NCCOPSIS, stimulating other teachers 
to explore the problem-solving possi- 


bilities inherent in the simple demon- 
stration. Even this relatively insignfi- 
cant experiment, running as it did for 
a long period of time, repeatedly raised 
questions in the minds of both student 
and teacher about other energy re- 
lationships in the system that had not 
been explored. The problems raised 
were usually difficult enough to chal- 
lenge, but not so difficult as to frustrate, 
experimenting students. 

This simple, but long-term diffusion 
experiment impressed many teachers 
and their students with the superiority 
of the problem-solving approach in 
contrast to the text-and-lecture ap- 
proach to science teaching. Both felt a 
quickening of interest and responded 
to the thrill of the challenge presented 
by the problem, a welcome relief from 
the tedium of assigned lessons-to-learn 
and facts-to-memorize. 

Such situations provide opportunity 
for both team and individual research, 
with a wide range of ability and inter- 
est. Individualized instruction becomes 
feasible to a much greater extent and 
under the most natural circumstances. 
On the other hand, answers and out- 
comes cannot be easily predetermined. 


Not even the total diversity of the prob- 
lems that will evolve can be antici- 
pated. Certainly, there will never be a 
dull moment; and most importantly, 
students will be induced to think! 


Conclusion 


The science teachers who have par- 
ticipated during the six-year existence 
of NCCOPSIS are completely sold on 
the spirit and philosophy of the group, 
deriving great benefit and satisfaction 
from association with this type of pro- 
fessional committee, spontaneous and 
relatively unsponsored as it is. Should 
the group become so large as to be un- 
wieldy (attendance usually runs from 
twenty to thirty per meeting), the 
California Science Teachers Associa- 
tion, Northern Section, is considering 
the organization of additional commit- 
tees or study-groups, to parallel the 
work of NCCOPSIS in other areas of 
professional concern. 

We hope that those who read this 
article will feel encouraged to call to- 
gether similar spontaneous interest- 
groups in their own locality. In any 
event: “If you have problems,—why 
not try the problem-solving approach?” 


From fossils to rockets... 


The SCIENCE FOR PROGRESS SERIES, 2nd Ed., by Ames, Baker 
and Leahy, tells the whole story about man and his environment—gives 
the student a clear, continuous presentation of general science, based on 
his needs and interests. Here are the books in the series: 


SCIENCE IN TODAY’S WORLD Grade 7 (1961) 
° SCIENCE FOR YOUR NEEDS Grade 8 (1961) 
SCIENCE FOR PROGRESS Grade 9 (1961) 


The SCIENCE FOR PROGRESS FILMSTRIPS consist of a series of 
twelve filmstrips designed to supplement and enrich the study of junior 
high school science. 


Books and filmstrips available now! For information write to: 


PRENTICE-HALL, INC., 
Educational Book Division, Englewood Cliffs, N. J. 
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ANNOUNCING 


SEMIMICRO LABORATORY EXERCISES 
IN HIGH SCHOOL CHEMISTRY, 3RD EDITION 


By Fred T. Weisbruch 


The new edition of this practical laboratory 
manual is a revision based on the experiences of 
teachers and students with the two earlier editions. 
New information has been incorporated into the 
experiments to bring them completely up to date. 
Special features include: consistent help for the 
student; frequent questions in each exercise to 
guide him in his analysis; questions at the end of 
each experiment; review questions at the end of 
each unit. The manual and a revised and expanded 
Teacher’s Handbook and Guide will be available 
in January. 


... and a proven text 


CHEMISTRY IN ACTION, 4TH EDITION 


By Rawlins, Struble, and Gatewood 


A text widely recognized in earlier editions 
as complete and thorough, yet flexible enough to 
meet varying class requirements. Now, with 
several chapters completely revised and with up- 
to-date references, film list, the complete program 
—text, Teacher’s Handbook, Laboratory Manual, 
and Tests. 


D. C. HEATH AND COMPANY 


home office: BOSTON 16 _ sales offices; ENGLEWOOD, N. J., CHICAGO 16, 


SAN FRANCISCO 5, ATLANTA 3, DALLAS I, LONDON W. C. 1, TORONTO 2-B 
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Basic to the planning committee’s design of the San Francisco convention 
were two strong convictions: first, that “the learner” should be the focal point 
of all considerations; second, that all convention participants should share in 
helping NSTA to frame policy guidelines for Association attitudes and activities. 

Pursuant to the first of these, “Science Teaching for the Learner” is the 
convention theme. Speakers, panelists, exhibitors, and other participants have 
been alerted to aim at this target. 

The second goal will be approached through a three-phase sequence of ses- 
sions culminating in a set of recommendations and proposed resolutions which 
will be presented and discussed at the final general session. The build-up to 
this session will begin with panel discussions in five areas of concern in science 
teaching: (1) Curriculum, (2) Staffing, (3) Programing, (4) Instructional 
Materials and Facilities, and (5) Evaluation. Opportunities for everyone to 
help probe all facets of these problems and issues will be provided through 
approximately 30 discussion groups. Next, the area panels will reconvene to 
crystallize the consensus of the discussants in each area. The convention 
Resolutions Committee will be in charge of this phase. Next, the results of 
these deliberations in all five areas will be submitted and evaluated in the 
sixth or final general session. 

Outstanding speakers have been scheduled for four general sessions, the 
banquet, and all special luncheons. Ralph W. Tyler, Executive Director of the 
Center for Advanced Study in the Behavioral Sciences, Stanford, California, 
will address the first general session. He will discuss “Forces Redirecting Science 

_ Teaching.” At the second general session, Robert W. MacVicar, Vice President 
of Academic Affairs at Oklahoma State University, Stillwater, will speak on 
“New Frontiers in Science.” The address at the third general session, “The 
Learning Process and the Teaching of Science,” will be given by Evan R. 
Keislar, Associate Professor of Education, University of California, Los An- 
geles. At the banquet, considered as the fourth general session, Emilio G. Segré, 
Professor of Physics and Nobel Laureate, University of California, Berkeley, 
will speak on “The Antiproton.” 

The fifth general session will feature a symposium on curriculum develop- 
ment. The three speakers in the symposium include Donald G. Decker, Dean 
of Colorado State College, Greeley, and Chairman of the NSTA Curriculum 
Committee; Paul DeH. Hurd, Professor of Education, Stanford University, 
Stanford, California; and Ole Sand, Director of the NEA Project on the In- 
structional Program of the Public Schools, Washington, D. C. 

Presentations of a variety of science teaching and curriculum innovations 
will be given in a special series of panels. New for NSTA is a display of demon- 
strations and experiments originated by practicing teachers to be on exhibit 
throughout the convention. There will be a larger than ever Curriculum Mate- 
rials Center under the chairmanship of Paul DeH. Hurd. 

In conjunction with NSTA, the National Science Supervisors Association 
(NSSA), the Association for the Education of Teachers in Science (AETS), 
and the Business-Industry Section of NSTA will hold their annual meetings. 
Additional NSTA activities will include: a Youth Science Congress, an activity 
of the Future Scientists of America program; a special program for future 
science teachers, for college and university students; showings of films and 
audio-visual materials; and the annual Exposition of Science Teaching Mate- 
rials. See “Program at a Glance” for further information. 
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GENERAL SESSIONS 


First General Session: 


Ralph W. Tyler, Executive Direc- 
tor of the Center for Advanced 
Study in the Behavioral Sciences, 
Stanford, California. Author and 
co-author of books relating to edu- 
cational measurement and_ re- 
search. Saturday morning. Topic: 
“Forces Redirecting Science 
Teaching.” 


Second General Session: 


Robert W. MacVicar, Professor 
of Biochemistry, Vice President 
in charge of Academic Affairs, 
and Dean of the Graduate School, 
Oklahoma State University, Still- 
water. Saturday evening. Subject: 
“New Frontiers in Science.” 


Third General Session: 


Evan R. Keislar, Associate Profes- 
sor of Education, University of 
California, Los Angeles. Author 
and researcher in the social psy- 
chology of adolescents and school 
learning. Sunday afternoon. Ad- 
dress: “The Learning Process and 
the Teaching of Science.” 


Fourth General Session: 


Emilio G. Segré, Professor of 
Physics, University of California, 
Berkeley. Nobel Prize Laureate in 
1959 for his contribution to the 
discovery of the antiproton; also 
co-discoverer of the first synthetic 
element, technetium. Sunday eve- 
ning. Annual Banquet Address: 
“The Antiproton.” 


Fifth General Session: 


This session, Monday morning, will feature a symposium on 
curriculum development. The three speakers at this symposium 
will be: Donald G. Decker, Dean of Colorado State College, 
Greeley, and Chairman of the NSTA Curriculum Committee; 
Paul DeH. Hurd, Professor of Education, Stanford University, 
Stanford, California, curriculum consultant, coordinator of 
the Shell Merit Fellowship Programs; and Ole Sand, Professor 
of Education on leave from Wayne State University, Detroit, 
Michigan, Director of the Project on the Instructional Program 
of the Public Schools for the National Education Association, 
Washington, D.C. 


Sixth General Session: 


“Resolutions, Recommendations, 
and Summary of the Members.” 
This session, Tuesday afternoon, 
will be under the direction of 
Hubert M. Evans, Professor of 
Natural Sciences, Teachers Col- 
lege, Columbia University, New 
York City. Dr. Evans is the Chair- 
man of the Committee on Resolu- 
tions of NSTA. 
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PANEL PRESENTATIONS 


Panels will be headed by the following Chairmen in each respective 
area. Associated with the Panels for each of the five areas of concern 
is a representative from the convention Resolutions Committee: 


Chairmen 


Curriculum. Fletcher G. Watson, 
Associate Professor, Graduate School of 
Education, Harvard University, Cam- 
bridge, Massachusetts. The panel will 
include discussion on such areas as biol- 
ogy, junior high school science, elemen- 
tary science, and other related areas. 


Staffing. Helen E. Hale, Supervisor 
of Senior High School Science and 
Mathematics, Baltimore County Public 
Schools, Towson, Maryland. Elementary 
science, teacher assistants, certification, 
supervision, merit, and related areas will 
be covered. 


Programing. Donald W. Stotler, Su- 
pervisor of Science, Portland Public 
Schools, Portland, Oregon. Guidance will 
be offered concerning team teaching, 
scheduling, grouping, advanced place- 
ment, and other problems to be faced 
in improving the science program. 


Instructional Materials and Facilities. 
Stanley E. Williamson, Chairman, De- 
partment of Science Education, Director 
of Student Teaching, Oregon State Uni- 
versity, Corvallis. The items to be cov- 
ered include teaching machines, films, 
television, the NDEA, business-industry 
materials, laboratory facilities and equip- 
ment, and other teaching aids. 


Evaluation. John M. Mason, Profes- 
sor of Education, Michigan State Uni- 
versity, East Lansing. The approach in 
this area will be directed to techniques, 
studies in progress, subject matter, 
achievement tests, critical thinking, abil- 
ity grouping, and programed teaching in 
education. 


Resolutions 


Committee 


Curriculum. Elizabeth 
Ann Quinn, General Science 
Teacher and Assistant Prin- 
cipal, Saxe Junior High 
School, New Canaan, Con- 


necticut. 


Staffing. Robert D. Bing- 


er, Supervisor, State 


De- 


partment of Science Educa- 
tion, Tallahassee, Florida. 


Programing. Richard L. 
Miller, Supervisor of Physi- 
cal Science, Los Angeles 
Public Schools, Los Angeles, 


California. 


Instructional Materials 


and Facilities. John 


H. 


Marean, President-elect of 
NSTA, 1962-63; Science 
Teacher, Reno High School, 


Reno, Nevada. 


Evaluation. Alexander Taf- 
fel, Principal, Bronx High 


School of Science, 
York City. 


New 
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PROGRAM AT A 


FRIDAY, MARCH 9 


8:00 a.m. 
9:00 a.m. 


GLANCE 


Registration 
National Science Supervisors Association (NSSA), 
General Session: “The Dynamics of Supervision,” 
Paul DeH. Hurd, Stanford University, Stanford, 
California; “New Directions and Additions to 
Content and Their Implications for Supervision,” 
os] J. Stanley Marshall, Florida State University, 
Saat Tallahassee; ‘“‘New Directions in Science Teaching 
ea Methods,” John W. Renner, University of Okla- 
homa, Norman 
12:30 p.m. Supervisors’ Luncheon. “The Role of the School Ad- 
ministrator in Science Education,”” Robert Johnson, 
Unified School District, Palo Alto, California 
NSSA Concurrent Panel Discussions 
NSSA Evening Session: “New Horizons in Science,’ 
Arthur Martin, Seattle University, Seattle, Wash- 
ington 


SATURDAY, MARCH 10 


Registration 


2:00 p.m. 
ts 8:00 p.m. 


8:00 a.m. Exposition of Science Teaching Materials 

8:00 a.m. Curriculum Materials Center 

8:00 a.m. Film Showings 

8:00 a.m. Display of Teacher-Devised Demonstrations 

9:00 a.m. Business-Industry (B-I) Section All-Day Workshop 
10:30 a.m. NSTA First General Session: ‘Forces Redirecting 


Science Teaching,” Ralph W. Tyler, Center for 
Advanced Study in the Behavioral Sciences, Stan- 
ford, California 

34 12:00 noon Exposition of Science Teaching Materials 

ax 12:00 noon Curriculum Materials Center 

: 12:00 noon Film Showings 

12:00 noon Display of Teacher-Devised Demonstrations 

12:30 p.m. Luncheon; co-sponsored by Elementary School Sci- 
ence Association (ESSA), Northern California. 
Speaker, Robert Karplus, University of California, 
Berkeley 

12:30 p.m. Luncheon; co-sponsored by California Science Teach- 
ers Association (CSTA), Northern Section 

3:00 p.m. NSTA Concurrent Sessions: “Innovations in Science 

Teaching” 

7:30 p.m. NSTA Second General Session: ‘New Frontiers in 
Science,”’ Robert W. MacVicar, Oklahoma State 
University, Stillwater 

Open NSTA Choral Session 


MARCH 11 


NSTA Life Members’ Breakfast 

B-I Section Breakfast and Annual Meeting 

Association for the Education of Teachers in Science 
(AETS), Panel: “The Work of AETS,’’ Fletcher 
G. Watson, Moderator, Harvard University, Cam- 
bridge, Massachusetts 

Registration 

Exposition of Science Teaching Materials 

Curriculum Materials Center 

Film Showings 


SUNDAY, 


8:30 a.m. 
8:30 a.m. 
700 a.m. 


10:00 a.m. 
10:00 a.m. 
10:00 a.m. 
10:00 a.m. 


Reservations are available from 
the following hotels and motels 
in San Francisco. Rates quoted are 
as of October 1, 1961, and may 

be subject to small variations. 
Please refer to zones on map for 
locations. 


10:00 a.m. 
10:00 a.m. 
10:06 a.m. 
1:00 p.m. 


Display of Teacher-Devised Demonstrations 

B-I Section Workshop 

NSSA Business Meeting 

NSTA Third General Session: ‘“‘The Learning Proc- 
ess and the Teaching of Science,’’ Evan R. Keislar, 
University of California, Los Angeles 

NSTA Concurrent Symposia, I. Five Areas of Con- 
cern: Curriculum, Programing, Staffing, Instruc- 
tional Materials and Facilities, Evaluation 

NSTA Annual Banquet (Fourth General Session): 
“The Antiproton,”’ Emilio G. Segré, University of 
California, Berkeley 


MONDAY, MARCH 12 


3:00 p.m. 


7:30 p.m. 


Registration 

Exposition of Science Teaching Materials 

Curriculum Materials Center 

Film Showings 

Display of Teacher-Devised Demonstrations 

NSTA Fifth General Session: Symposium on Curricu- 
lum Development: Donald G. Decker, Colorado 
State College, Greeley; Paul DeH. Hurd, Stanford 
University, Stanford, California; and Ole Sand, 
Project on Instructional Program in the Public 
Schools, National Education Association, Wash- 
ington, D. C. 

Business-Industry-Education Luncheon: ‘Science and 
Science Teaching for the Future,’’ Howard G. 
Vesper, Standard Oil Company of California, San 
Francisco 

NSTA Concurrent Discussion Groups 

“A Night in Chinatown,” tour and dinner 


TUESDAY, MARCH 13 


8:00 a.m. Registration 
8:00 a.m. Exposition of Science Teaching Materials 


12:30 p.m. 


3:00 p.m. 
7:00 p.m. 


9:00 a.m. NSTA Concurrent Symposia, II. Five Areas of Con- 
cern 

11:00 a.m. Curriculum Materials Center 

11:00 a.m. Film Showings 

11:00 a.m. Display of Teacher-Devised Demonstrations 

11:00 a.m. Future Science Teachers: Special Program 

11:00 a.m. Future Scientists of America: Youth Science Con- 
gress 

11:00 a.m. Tours 


11:00 a.m. B-I Section Workshop 

1:00 p.m. NSSA Consultant Services 

3:00 p.m. NSTA Sixth General Session: ‘Resolutions, Recom- 
mendations, Summary,” Hubert M. Evans, Teach- 
ers College, Columbia University, New York City 

7:30 p.m. AETS Annual Business Meeting 


WEDNESDAY, MARCH 14 


9:00 a.m. AETS, General Session: “The Education of Elemen- 
tary School Teachers in Science,’’ Robert Stollberg, 
State College, San Francisco, Cali- 
ornia 

12:00 noon AETS Luncheon: ‘“‘The Task Before Us,’’ Fletcher 
G. Watson, Harvard University, Cambridge, Massa- 
chusetts 

2:30 p.m. AETS Symposium: ‘Summer Institutes for the Im- 
provement of Science Teaching,’ David S. Sarner, 
Presiding, Keene Teachers College, Keene, New 
Hampshire 


SINGLE 


DOUBLE 


BELLEVUE, 505 8-$10 $11-$14 
CALIFORNIAN, 405 $ 8.50-$10 $10.50 - $12 
CARTWRIGHT, 524 $9 
CHANCELLOR, 433 Powell... $ 7.50 $ 9.50 
$14 - $23 $14 - $23 
DEL WEBBS TOWNEHOUSE, Eighth & Market.. $14 $16 

DRAKE WILTSHIRE, 340 Stockton............. $10 - $11 $12-$14 

2067 $ 5-$5.50 $ 7-$7.50 
906 Geary $ 9-$12 $11 - $13 
FRANCISCAN, 350 $ 7-$8 $ 8-$10 
GOLDEN STATE, 114 $ 6-$7 $ 7.50 - $8.50 
JACK TAR, Van Ness-Geary............0.0e00e- $14 - $24 $14 - $24 
KING GEORGE, 334 Mason..............00000% $8 $10 
LANKERSHIM, 55 Fifth.............0cececeees $ 5.50-$6 $ 7.50-$8 
$ 8-$10 $10 - 
$ 7-$10.50 $ 9-$12.50 
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The major activities of the convention will be held at the 
Convention Center which consists of the civic auditorium, 
Brooks Hall, and related areas. This and other locations 
of interest noted are: (A) Convention Center (Press Office, 


: Registration, Service Centers, and Exhibits), (B) Head- 
¢ quarters Hotel (St. Francis), (C) Chinatown area, and (D) 
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$12 - $15 $20-$30 6 NEW DALT, 34 $ 6-$7.50 $ 9-$10 $10- $11 
Sil - $14 — | OXPORD, $ 7-$8 $ 9-$10 $10- 
$10.50 L $ 7.50-$11.50 | $9.50-$14.50 | $10.50-$14.50 
3 $17 - $23 os = L ST. FRANCIS, Union Square. ................0. $12 - $24 $15 - $23 $17 - $27 $30 - $55 
$18 - $22 $35-$65 $ 5.50 - $6 $ 7-$8 $ 9-$10 
| $ 8.50 G $ 5.50 $ 6.50 $ 7.50 
$16 $35 - $45 P $ 5.50 - $6.50 $ 7.50-$8.50 | $9.50 $18 
‘ $11 - $16 $22 - $28 L SIR FRANCIS DRAKE, 450 Powell............. $12-$17 $14-$19 | $18 - $22 $34 - $52 
50 $8 L SPAULDING, 240 O'Farrell. $ 6-$8 $ 7-$9 $ 8-$10 
$12- $15 $25 - $35 L STIWART, 960 Goary.........0.cccccccccccsccs $ 8-$12 $10+$14 | $12-$18 $28 - $35 
) $ 9-$12 $16 - $20 L STRATFORD, $ 5-$5.50 $7 $ 8-$9 
$13 Pp WHITCOMB, 1231 $ 7-$12 $9-$16 $10 - $18 $20 - $60 
-50 - $10 G | YMCA HOTEL, 351 $ 4.75-$5.50 | $5.60-$6.25 | $7-$7.50 
' $16 - $24 $32 - $54 
$12 $25 MOTEL 
$8 $8-$9 F | AUDITORIUM TRAVELODGE, 790 Ellis....... $10 - $12 $12-$13 $14- $16 
$ 8-$9 $16 F CIVIC MANOR, 825 Polk. $10.50 $12.50 $15 
| Sil - $12 $15 - $20 P A Se $12 $14 $20 up 
50 $10 - $13 $19.50-$20 | F $ 8-$10 $ 8.50-$12.50 $12-$16 $22 - $32 
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HOTEL RESERVATION FORM 
TENTH NATIONAL CONVENTION 


National Science Teachers Association, March 9-14, 1962 


SAN FRANCISCO, CALIFORNIA 


A HOUSING BUREAU has been organized for the 1962 held on your arrival date—whatever the hour. Your deposit 
NSTA Convention in San Francisco. Since all requests for will be credited to your account. PLEASE DO NOT SEND 
rooms are handled in chronological order, it is recommended CASH. 


that you send in your application as quickiy as possible. 
CANCELLATIONS: Cancellations must be received 15 days 


In making hotel reservations, please use the blank below, indi- prior to the meeting for refunds of your deposit to be made by 
cating your first, second, and third choice of hotels (see list on the hotel. If sufficient time is not allowed for the hotel to 
reverse side). Because of the limited number of SINGLE reassign space, all of the deposit is forfeited. 

ROOMS AVAILABLE, you will have a better choice of secur- 

ing accommodations in the hotel you prefer if your request LATE REQUESTS: Since our Housing Contracts for Hotel 
calls for rooms to be occupied by two or more persons. Rates Bedrooms expire 15 days prior to the opening of the confer- 
quoted are for the room, and in case of double occupancy, the ence, APPLICATIONS RECEIVED LATER THAN FEBRU- 
rate will be shared. ARY 23 (15 days prior to the opening date of the conference) 


NO MINIMUM RATES, or any specific rate within the full VILL. BE RETURNED. In such cases please select your own 
price range quoted, can be guaranteed when your reservation g 
is confirmed. Hotels make every effort to give you the requested 


rate. However, this is governed by prior check-outs and avail- 

quests must give definite date and approximate hour 
ability of such rooms on the date of your arrival. of arrival and names and addresses of all persons who will 
ALL REQUESTS SHOULD BE ACCOMPANIED BY A DE- occupy rooms requested. 

POSIT CHECK for $10.00 per room made out to the NSTA 
HOUSING BUREAU. Due to the existing crowded conditions, ALL RESERVATIONS WILL BE CONFIRMED IF RE- 
hotels cancel unclaimed reservations by 4:00 p.m. Therefore, QUEST IS RECEIVED NOT LATER THAN FEBRUARY 


All reservations should be cleared through this Housing Bu- 


a deposit is requested to ensure that your reservations will be 23, 1962. 

MAIL TO: 

NSTA HOUSING BUREAU 

San Francisco 2, California 


NAMES OF ALL OCCUPANTS: 
(Please bracket those sharing a room) 


Chock for $........ payable to NSTA HOUSING BUREAU is enclosed. Please send a self-addressed, stamped envelope. 


MAIL CONFIRMATION TO: 


— 
| Ae 
j 4 
| 
| 
(Signed) 


1. NASA Space Science Exhibit 


Of special interest will be the World Globe ex- 
hibit of the U. S. National Aeronautics and Space 
Administration. This exhibit is a dramatic representa- 
tion of man’s quest in space to search for new knowl- 
edge and understanding of the world’s environment. 
The World Globe exhibit will be located in Larkin 
Hall. 


2. Press Room Services 


Copies of all major addresses presented in the convention will be available, whenever possible, within 24 hours 
after the scheduled event. The Press Office will be located on the second floor of the Civic Auditorium, Room 200. 

Advance working papers for the five major areas of concern have been prepared by the panel chairmen. These 
will be sent to all NSTA members in the January issue of the Packet Service. A limited number will be on hand at 
the Press Office during the convention. Careful reading and considered reflection on the problems and essentials of 
each should be regarded as “required homework” for everyone prior to attending the convention. 


eae 3. NSTA Staff Assistance 


Members from the Headquarters Office in Washington, D. C. will be available during the convention for con- 
sultation in their respective areas. 


¥ 


Robert H. Carleton, Execu- Marilyn E. Suthard, Secre- George A. Crosby, Business Helen A. Brown, Assistant 
tive Secretary, Convention tary to Mr. Carleton, Con- Manager, Membership Serv- Business Manager, Member- 
Headquarters Office, Brooks vention Headquarters Office, ices and Exposition, Brooks ship Services and Publica- 
Hall, Brooks Hall. Hall. tions, Brooks Hall. 


Frances J. Laner, Director 

Frank R. Salamon, Speci- Marjorie H. Gardner, Di- of Publications; Editor, 
Kent H. Godwin, Adminis- Dorothy T. Tryon, Direc- alist in Elementary Science; rector, Vistas of Science The Science Teacher; Press 
trative Assistant, Registra- tor, Future Scientists of Editor, Elementary School Program and Assistant Ex- Director, Room 200, Civic 
tion area, Brooks Hall. America. Science Bulletin. ecutive Secretary. Auditorium. 
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FORMATION 


Pre-convention registration by mail is strongly urged 
and will be accepted through February 16, 1962. Do not 
mail forms and checks after this date, since processing 
prior to the convention cannot then be assured. Receipts 
will be sent promptly when advance registration and reser- 
vations, accompanied by remittance in full, are received 
in the NSTA headquarters office. Present your receipts at 
the Advance Registration Table to receive identification 
badge and tickets. 

All registration facilities, including Advance Registra- 
tion and Ticket Sales, will be located on the Mezzanine 
of the St. Francis Hotel only on March 8 and 9. These 
facilities will be moved to Brooks Hall at the convention 
center on March 10 and will remain there for the duration 
of the convention. Registration accommodations for ex- 
hibitors only will be located in Brooks Hall, March 9-13. 

Registration fee is $4 and is required for participation 


TOURS—Since the tours occur relatively late in the 
convention, there is no advance ticket sale. Tickets will be 
sold at the Registration Desk in Brooks Hall beginning 
Saturday, March 10. Some or all of the following tours 
will be available to convention participants on Tuesday, 
March 13, from 11:00 a.m. to 3:00 p.m.: 


1. Radiation Laboratory, University of California, Berke- 
ley: cyclotron, bevatron, and physics and chemistry 
laboratories. 

2. U.S. Army Corps of Engineers, Sausalito: scale model 
of San Francisco Bay and river delta. 

3. Stauffer Chemical Company, Richmond: contact proc- 
ess, sulfuric acid plant. 

4. Field Experiment Station, University of California, 
Richmond: algae culture studies and ship models. 

5. Cutter Laboratories: production of pharmaceutical 


in all convention activities. Those registering in advance, chemicals. , 
but unable to attend the convention, may receive refunds 6. Ames Laboratories, Moffett Naval Air Station: wind 
by sending their official receipts to NSTA headquarters tunnel. 


before April 6, 1962. 

MEAL FUNCTIONS—In view of the large attendance 
expected at the convention, it would be to your advantage 
to make advance reservations for meal functions. Except 
for the Life Members’ Breakfast, meal functions are open 
to all registrants. Use form below and send remittance with 
registration fee. You will receive your tickets when you 
pick up your credentials at the Advance Registration Table. 


7. Foothill College, Los Altos: new junior college campus 
of unique architectural and educational design. 

8. Westmore High School, Daly City: unique school 
architecture. 

9. Visit to an elementary school with unusual science 
teaching facilities. 

10. Gray Line tours will be available to many points of 
interest in the Bay Area including Muir Woods. 


Clip and Mail to NSTA 


ADVANCE REGISTRATION & RESERVATION FORM 


All requests for advance reservations must be accompanied by payment in full. Make checks payable to NSTA 
and mail to the National Science Teachers Association, 1201 Sixteenth Street, N. W., Washington 6, D. C. 


PLEASE PRINT OR TYPE 


If ordering for more than one, please indicate names 


onvention Registration Fee—$4.00 
of persons and functions that each will attend: c g $4 t 


No. of Tickets Total No. of Tickets Total 
National Science Supervisors Business-Industry-Education 
: Association Luncheon (Fri) ...... Luncheon (Mon) @ 6450 ........ 
Elementary School Science Night in Chinatown (Mon 
Association Luncheon (Sat) ..... @ $4.50 ee ene for oe 
of Teachers in Science 
Annual Banquet (Sun) ........ @ $6.00 ....... Registration Fee 8 — | 
* Life Members only TOTAL AMOUNT ENCLOSED “Sh ee 


Please write number of the one tour of most interest to you from the list above: ...._.. 


THE SCIENCE CLASSROOM REFERENCE SHELF PROGRAM will make 


them more than just “science students” ca pian buitt around the famous 


paperback Science Study Books written for your students by eminent scientists . . . a plan designed to 
ease your teaching load . . . by arousing curiosity, sustaining high interest, and providing challenge! ) 


~~ we 


THE SCIENCE CLASSROOM REFERENCE SHELF 
PROGRAM WAS DEVELOPED BY LEADING 
SCIENTISTS FOR YOUR STUDENTS 


The SCIENCE CLASSROOM REFERENCE SHELF is built 
around the famous Science Study Series books written by noted 
scientists to stimulate scientific interest in today’s teen-agers. 


... AND ORGANIZED AROUND YOUR TEACH- 
ING NEEDS 


The SCIENCE CLASSROOM REFERENCE SHELF Pro- 
gram was planned by a group of high school science teachers 
who have the Science Study Series books and developed this 
system for their best classroom use. This classroom-tested pro- 
gram includes: 

75 Science Study Books . . . packed in an attractive and 
sturdy bookcase—with checkout cards for the student li- 
brarian—for permanent display in your room. 

These books are divided into three categories: 


CATEGORY 1: Books for General Interest 


In this group are four titles (eight copies of each) which are 
excellent introductory, science-motivation reading for any teen- 
ager in your classes . . . books that students enjoy reading. 


SOAP BUBBLES AND THE FORCES WHICH MOULD 
THEM by Sir Charles Vernon Boys. For an understanding of 
many forces of natures. 

CRYSTALS AND CRYSTAL GROWING, by Alan Holden, 
Bell Telephone Laboratories, and Phylis Singer, Crystal be- 
havior knowledge is essential to many sciences. 

THE NEUTRON STORY by Donald J. Hughes, late senior 
physicist, Brookhaven National Laboratories. A clear account 
of one of the most useful particles of matter-energy. 

THE BIRTH OF A NEW PHYSICS by I. Bernard Cohen, 
Harvard University. The evolution of modern physics. 


CATEGORY 2: Books Which Supplement Texts. 


In this group are five titles (five copies of Echoes of Bats and 
Men, and four copies of each of the other titles). All books in 
the SCIENCE CLASSROOM REFERENCE SHELF, of course, 
contain material which extend course subjects. The books in 
Category 2, however, are rich in curricular topics . . . providing 
your classes with deeper insight into the subjects you teach. 
PASTEUR AND MODERN SCIENCE by Rene Dubos, Rocke- 
feller Institute, Biology and chemistry. 


DECEMBER 1961 


THE RESTLESS ATOM by Alfred Romer. Chemistry. 
ECHOES OF BATS AND MEN by Donald R. Griffin, Harvard 
University, Biology and physics. 

MAGNETS by Francis Bitter, M.I.T. Physics and physical 
Science. 

THE UNIVERSE AT LARGE by Hermann Bondi, University 
of London, Physics. 


CATEGORY 3: Books for Individual Use. 


In this group are eleven titles (two copies of each) which will fit 
your students’ special science interests . . . from television to 
meteorology, geology to music, weather to betatrons. 

THE WATERSHED by Arthur Koestler, noted author. The life 
of Johannes Kepler. 

WAVES AND THE EAR by Willem A. Van Berjeijk, John R. 
Pierce, and Edward E. David, Jr. Bell Telephone Laboratories. 
Sound waves from stereo to fish “talk.” 

WATER: THE MIRROR OF SCIENCE by Kenneth S. Davis 
and John Arthur, Linfield College. Water as seen by the various 
sciences. 

THE NATURE OF VIOLENT STORMS by Louis J. Battan, 
University of Arizona. Weather. 

THE PHYSICS OF TELEVISION by Donald G. Fink, Philco 
Corporation, and David M. Lutyens. Electronics. 
MICHELSON AND THE SPEED OF LIGHT by Bernard 
Jaffe. The Story of Albert Michelson. 

HOW OLD IS THE EARTH? by Patrick M. Hurley, M.LT. 
Earth science. 

HORNS, STRINGS & HARMONY by Arthur H. Benade, Case 
Institute, The science of music. 

ACCELATORS: THE MACHINES OF NUCLEAR PHYSICS 
by Robert R. Wilson, Cornell University, and Raphael Littauer, 
Cornell University, Machines. 

NEAR ZERO: THE PHYSICS OF LOW TEMPERATURE by 
D. K. C. MacDonald, National Research Council of Canada. 
Physics. 

SHAPE AND FLOW: THE FLUID DYNAMICS OF DRAG 
by Ascher H. Shapiro, M.I.T. Design engineering. 


AND INCLUDES A TEACHER-CREATED, CLASS- 
ROOM-TESTED TEACHING MANUAL! 


The 144-page teaching manual, “Using the Science 
Study Series,” is written by teachers and for teachers! It 
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By IVAN L. JIRAK 


Science Teacher, Knoxville Junior High School, Pittsburgh, Pennsylvania 


TUDENTS sometimes find it diffi- 
cult to understand earth science. 
One reason for this may be the rather 
obscure relationship that the earth has 
to everyday activities, such as walking 


The areas having geological interest are pointed 
out to the students by the teacher. 


on the ground, breathing in the air, or 
driving along the highway. 

Unconformities, erosional stages, and 
diurnal differences, these things have 
no bearing on everyday living. The 
solidness of rock, the erosional force of 
water, and the tremendous pressures 
which shape Earth are better under- 
stood by experiencing some of the 
majesty of the place in which we live. 
First-hand experiences on a mountain 
or in a mysterious cave as contrasted to 
an account in a book have much more 
meaning for the student. 

At Knoxville Junior High School in 
Pittsburgh, an extensive field trip pro- 
gram has been in effect to introduce 
geology, biology, and related sciences 
to the students. A total of four school 
days and four vacation days are utilized 
to travel 2200 miles with the students 
and their parents to learn about earth 
science. 

One of the most popular trips in- 
volves mountain climbing and cave ex- 
ploring. We are fortunate in Pittsburgh 


in having both high rock outcroppings 
and beautiful caves that are close by. 
Seneca Rocks, West Virginia, is the lo- 
cation of the climbing-exploring class- 
room activity reported. 

Mountaineering techniques are prac- 
ticed on the play field with ropes a few 
feet from the ground. These take the 
place of ropes which will be used when 
climbing hundreds of feet high on some 
mountain later. The full itinerary of the 
trip is discussed in detail. Models of 
rock outcroppings and topography help 
students visualize the areas to be 
visted before the journey. 

Parents drive with the students to 
the teaching areas. One adult mountain 
climber goes in each car. The twelve- 
car caravan stops frequently along the 
route to look at mines, folds and faults, 
saw mills, blast furnaces, and uncon- 
formities. 

At Seneca seventy parents and stu- 
dents divide into two groups. One or 
two speleologists will take twenty-five 
students into a safe but noncommer- 
cial cave. The other group divides into 
“ropes” of one mountain climber and 
three students each. 

In the cave, bats, cave spiders, and 
any other living organisms encountered 
are studied. Facts learned about rock 
formations are most amazing to those 
newly aware of functions in darkness, a 
new comprehension of the changing 
earth becomes apparent. 

On the rocks, the braver students and 
the leaders try to climb 1200 feet to the 
top of Seneca Rocks. From that vantage 
point is seen the three stage erosional 
valley of the Potomac River. A few 
moments in the warm sun, a gentle 
breeze blowing, and sitting on top of a 
mountain, all these are sufficient to 
stimulate many children. Somehow a 
boy holding to a rock apprehensively 
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Students share the adventure of crossing 
the Potomac River by a swinging bridge. 


learns more about rocks and the earth 
than one sitting in a classroom mem- 
orizing geologic ages and _ strange 
sounding names. 

For the long trip back, a route with 
contrasting features enables us to take 
full advantage of the last 200 miles in 
the teaching program. Large waterfalls. 
limestone mines, and ancient blast fur- 
naces vie for student attention. These 
experiences in living science last far be- 
yond the school year and are often 
recalled with pleasure. 


Measurements are taken by students with a class- 
made clinometer. 
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During cave investigations, students are amazed to learn 
of underground rock formations and how they develop. 


Mountaineering techniques are practiced in the school playground with ropes a few feet from the 
ground. Later, the student uses the rope to cross over a gorge. 
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Revitalize Your Biology Course 


By MAITLAND P. SIMMONS 


Science Teacher, Irvington High School, Irvington, New Jersey 


O broaden the horizons of a day- 
to-day biology course for the mod- 
erately gifted tenth-grade student,’ the 
author offers a number of interesting 
and challenging science-learning possi- 


_ bilities to explore. 


The first several weeks of school are 
spent primarily in orienting and updat- 
ing academically-able students to pres- 
ent-day classroom materials. These es- 
sentials include advanced reference 
texts of their choosing, the recent 
Traveling High School Science Library 
at our school, the conventional basic 
text, and finally the ready-to-use stand- 
ard laboratory equipment for the two 
double-class periods per week. 

For the enrichment of this do-it- 
yourself course, students write three, 
two-thousand word papers, two which 
dre of a library investigational nature, 
and a book reading of an approved se- 
lection. To sustain a high level of intel- 
lectual achievement, much time is used 
to discuss the special techniques for 
the writing of these scientific papers, 
such as carefully observing and record- 
ing data, developing an acceptable 
bibliographic method, budgeting time, 
and meeting a deadline. To instill some 
degree of exactitude and professional 
pride in their work, students are en- 
couraged to submit attractive reports 
for the student bulletin board. Subse- 
quently, each has to present his topic 
clearly, concisely, and strongly before 


1 Maitland P. Simmons. “A Special Ability 
Group.” Bulletin of New Jersey Science Teachers 
Association, 8:16-7. November 1959. 


50 


the class. A high level of ease and pro- 
ficiency in self-expression is a “must.” 
No notes are allowed. Similarly, em- 
phasis is placed on oral reporting pro- 
cedures through knowledge of the lit- 


erature relating to his own special well- 
chosen subject; thus, there is a direct 
tie-in between science and the English 
department which can be achieved in 
this manner. Subject-matter areas are 
essential to the total educational experi- 
ence of the student. 

A new field of endeavor for the 
young people with a potential creative 
originality and a deep-seated enduring 
interest in scientific research is opened 
for these students as they work on long- 
range science fair projects. A series of 
three-week progress papers on carefully 
selected problems in this area are then 
required. For new project ideas and 
factual information, students read ex- 
tensively and intensively, exposing 
themselves to a variety of current scien- 
tific journals and periodicals, such as 
Current Science and Aviation, Journal 
of Chemical Education, Science Digest, 
Science News Letter, Science World, 
Scientific American, The Scientific 
Monthly, and Turtox News. To obtain 
other reliable data, students send letters 
to well-known professional scientists, 
and whenever possible, make personal 


Joseph P. Cardillo was one of five Irvington High School students who demonstrated his prize-winning 


science fair project, “The Story of Reserpine,” at 


he 
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interviews. For those pupils of inquir- 
ing minds, who appear to be well under 
way in their chosen area, the writer will 
frequently visit their homes offering 
pertinent suggestions. Industry is an- 
other very valuable source as an aid in 
solving their experimental problems by 
loaning publications and supplying the 
necessary equipment. 

The completed projects with their 
final “write-ups” are then entered into 
high-ability competition at the Greater 
Newark Science Fair sponsored by the 
Newark College of Engineering and at 
the Creative Chemistry Contest spon- 
sored by the American Chemical So- 
ciety or other competitions. 

The exhaustively developed and 
scholarly manuscripts are also entered 
into a student award contest conducted 
by the Future Scientists of America of 
the National Science Teachers Associa- 
tion. Some of these young people have 
already participated in summer training 
advance research programs at various 
institutions of higher education. 

From this time-consuming undertak- 
ing of systematic procedure in gather- 
ing, appraising, interpreting, organiz- 
ing, experimenting, and evaluating 
data; a method of critical and logical 
thinking develops. The role of doubting 
comes into being, the opposite to rote 
learning. It involves the use of facts, 
but only as an academic tool to begin 
arriving at understanding rather than as 
ends in themselves. 


Follow Up 


To insure a favorable intellectual 
climate, this kind of carefully organized 
thinking should be sufficiently de- 
veloped and motivated within the total 
school curriculum. In other words, the 
avenue of solution in the scientific ap- 
proach should rest upon the previous 
program of the student as he moves 
from one grade to another. The co- 
operative studies one is motivated to 
undertake depend largely upon his de- 
gree of interest, and these grow out of 
his earliest experiences. Research is a 
habit that ought not to be lost. It is a 
habit that forces the asking of intriguing 
questions and the seeking of activities 
in everyday living. 

For this fast-moving class, other re- 
warding activities include a life-science 
debate on some biological topic struc- 
tured by a student planning committee; 
for example, Resolved: The grasshop- 
per is more destructive than the Japa- 
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HOFFMANN-LA ROCHE, INC., NUTLEY, N.J. 


Stuart Rynone, Irvington High School, proudly displays his award-winning science fair project, “Flowers 
and Their Oxygen,” at NJSTA conference in Atlantic City. His sponsor, Maitland P. Simmons (right) had 
charge of the exhibits and helped the students publicize their interests. 


nese beetle to plant life in the United 
States. Pupils present mimeographed 
programs, debate the topic vigorously 
and effectively, and then listen intently 
to their recorded speeches. A follow- 
up period of well-worded questions pro- 
vokes a lively discussion among this 
peer group. Some of the faculty graci- 
ously act as judges. From another 
learning experience, one student estab- 
lished a record of over 1300 listed 
insect names with damages and con- 
trols. Also a bird model contest affords 
much interest. Book publishers donate 
book prizes. An interesting do-it-home 
investigation includes the planting of a 
grape-fruit seed at a particular time of 
day. The prolonged study consists of 
recordings of compactness and type of 
soils including alkalinity and acidity, 
preparation of seed, depth of planting 
seed, amounts of water used, day-and- 
night temperatures of air and soil, vari- 
ations of humidity, air currents, ex- 
posure and intensity of sunlight includ- 
ing artificial light, kinds and amounts 
of plant food, and stimulants used. 

The first breakthrough is noted 
and later individual progress is seen 
when a project is brought to class for 
further development and study. From 
the daily quantitative data listed in their 
log books, students draw conclusions as 
to the desirable effects of the various 
factors affecting the rate of plant 
growth. Our young people must be able 


to make, read, and interpret measure- 
ments, and then draw conclusions from 
these findings. The quantitative ap- 
proach characterizes much of the new 
high school program now being de- 
veloped by the Biological Sciences Cur- 
riculum Study of the American Institute 
of Biological Sciences. 

In terms of content, stress is placed 
on broad, basic concepts and the de- 
velopment of important principles of 
functional understanding of biology. 

For depth of treatment and moderni- 
zation of the subject, such vital facets 
as the role of vitamins, marine biology, 
conservation, microbiology, compara- 
tive anatomy, photosynthesis, viruses, 
and hormones are emphasized. Also 
specialized areas of biologistics, taxi- 
cology, radiation, physiological stress, 
and psychology are discussed and 
library research on space is required. 


Records 


A notebook is a “must” for carefully 
taking notes and listing a science vo- 
cabulary with considerable attention 
given to spelling of the basic and more 
widely working words. Emphasis is 
placed on word analysis, basic prefixes, 
and suffixes. Words are taught in a 
meaningful context. However, even 
more time is devoted to word analysis 
and the painstaking writing of words 
for the under-achievers. For an after- 
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school term project, this group builds a 
dictionary of the more common science 
terms with brief definitions. 

In order to intensify a still deeper 
interest and depth of understanding of 
present concepts, our modern biology is 
channeled on numerous occasions into 
new and related areas, such as anti- 
biotics and chemotheraphy. To help 
them obtain a better knowledge in ex- 
panding fields of this sort, all students 
in this group participate actively in a 
visit > to some pharmaceutical house. 

From this out-of-class experience, 
they discover the range of observational 
skills and insight into scientific knowl- 
edge which are thereby enhanced. Stu- 
dents develop a sense of accomplish- 
ment from their creative booklets as a 
result of their meticulous observations. 
Escorted trips should afford intellectual 
satisfaction from this intimate relation- 
ship with their environment. Teachers 
must take science teaching out of the 
textbook, beyond the classroom walls, 
and into real life, if worthwhile under- 
standing is to be developed. 


Experimental Work 


A high level of academic perform- 
ance in a specialized skill results when 
the biology class is up-graded by a set 
of appropriate open-ended investiga- 
tions in which the students utilize new 
techniques, develop their own format, 
and record their own observations and 
findings. Through this procedure the 
teacher is able to give more individual 
attention to the students as they are 
working at their own rate. The planned 
experimental studies end for the year 
with the students presenting frog-skele- 
ton mounts and bound copies of their 
detailed laboratory activities to the 
teacher for classroom display. 

Since all formal sheets of the fill-in 
type are eliminated, these students of 
scientific bent have the opportunity to 
develop their own creativity. This they 
truly enjoy. Too much uniformity with 
massive doses of facts, so called spoon- 
fed-teaching, is most deadening. 

For continued diversity, every morn- 
ing for two months from 6:30 to 7:00 
a.m., students look at a TV-modern 
chemistry program, “Continental Class- 
room,” a college course given by a 


2 Maitland P. Simmons. “Planning and Conduct- 
ing Industrial Tours for Science Classes.’ For 
Better Teaching. Bulletin No. 14. Department of 
School Services and Publications, Wesleyan Uni- 
versity, Middletown, Connecticut. 
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ULTRAVIOLET 
RADIATION 


IRVINGTON HERALD, IRVINGTON, N.J 


David V. Hunt, Irvington High School, proudly displays his Greater Newark Science Fair grand-award 
project, “Applications of Short Ultraviolet Radiation,” at the National Science Fair in Flint, Michigan. 


superior teacher, or whatever is sched- 
uled in the science areas. They listen, 
take notes, and list important factual 
statements concerning the content of 
the program for that day. The up-to- 
date material is then compiled neatly 
in an attractive booklet and posted on 
the classroom bulletin board. It is hoped 
that this will lay a foundation for 
chemistry and will show the relation- 
ship of chemistry to biology. 

Another significant television pro- 
gram included “The Thread of Life,” 
an informative story of genetics. After 
viewing the one-hour evening show, 
students presented interesting excerpts 
from their prepared fifteen hundred- 
word papers. Attention is given to such 
major topics as process of fertilization, 
the work of Gregor Mendel, functions 
of chromosomes and genes, and the 
DNA. For an excellent review, the 
class had the opportunity to view a 
film in color. The purpose of the home- 
school lesson is to make this all-popu- 
lar, but rather difficult subject under- 
standable through the showing of ani- 
mated drawings and “live” demonstra- 
tions that are available. 

Throughout the entire year students 


constantly are encouraged to perform 
before visiting industrial scientists and 
qualified teachers from other schools. 
For example, one student made his 
own atomic model* and explained 
to the class and representative of the 
Westinghouse Corporation the effects of 
radiation on the human body. 


Career Guidance 


Those promising students who desire 
to enter teaching as a satisfactory career 
sign a student-teacher list. A selection 
of ten, five a term, is then made for the 
year. Each student reports one day a 
week for an hour after school. Under 
the supervision of the teacher, they ex- 
amine notebooks of other classes as to 
topical outline, grammer, word spell- 
ing, correct content, and general over- 
all neatness. Various written reports 
are also scrutinized and tests are keyed. 
A word of praise is noted on each 
worthy piece of work. 

These prospective students feel it is 
an honor to have their names appear on 
the posted list. Furthermore, they see 
their grades improve by constantly re- 
viewing the content. 


3 The Westinghouse News. August 1960. p. 7.. 
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In regard to the current social cli- 
mate, leadership is being recognized 
throughout the year. For example, at 
open house night, a student committee 
takes care of the parents by having 
them sign the guest book, escorting 
them to seats, and introducing them to 
the teacher. This proves to be a very 


General 


efficient and pleasant way of meeting a 
larger number of parents. In like man- 
ner, appointed students throughout the 
year take care of all classroom visitors, 
carrying out the important assignment 
of explaining the lesson to the guests, 
while also improving social graces. 

In the light of the rapidly changing 


Program Development in Unified Science 


By IRWIN L. SLESNICK and VICTOR SHOWALTER 


Science Teachers, The Ohio State University, Columbus, Ohio 


HE teaching of secondary school 

science has rested upon a content 
organization of physics, chemistry, and 
life science for as long as science has 
been a part of the high school curricu- 
lum. The time seems at hand for the 
secure and sacred science disciplines 
to merge in depth by design. The re- 
sults of such mergers will be courses of 
study that dissolve the partitions which 
have unnecessarily departmentalized 
unifying science concepts. 

During the past few years specialists 
in physics, chemistry, and biology, in 
separate convocations, have identified 
the solid core of their respective disci- 
plines and have adapted these bodies 
of knowledge and experience for the 
high school student. Currently, how- 
ever, the established discipline organi- 
zation of science is being challenged. 
Matter, energy, and life are not discrete 
studies for either the specialist or the 
generalist. The structure of science has 
long been recognized as a rapidly con- 
verging compendium which increas- 
ingly promises to fuse into unified con- 
cepts of the universe. In fact the 
ultimate goal of science is to produce a 
single theory on a cosmic scale to 
account for all phenomena. The major 
concepts of science are incompletely 
understood unless studied within the 
context of their interrelatedness. 

Biological concepts are chemical, 
physical, geological, and psychological. 
The laws of thermodynamics permeate 
the content cores of the Chemical Bond 
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Approach, the Biological Sciences Cur- 
riculum Study, and the Physical Sci- 
ence Study Curriculum materials. The 
traditional sciences exhibit many simi- 
larities in process. The construction of 
models, either physical or mathematical, 
is the creative heart of all science. The 
nature of science is interdisciplinary. 
Prior to the appearance of the 
Thirty-first Yearbook of the National 
Society for the Study of Education 
(Part I, 1932) much had been written 
about the spiraling development of 
concepts from lower grades to higher 
grades. In some instances a spiraling 
core of concepts has been explicated 
and applied. Certain school systems 
can display in syllabi and classrooms, 
vertical threads of concept continuity. 
Fewer schools can demonstrate hori- 
zontal structures which fuse merging 
concepts. The most notably successful 
precedent of science integration during 
the past century has been the union of 


botany and zoology to form biology. - 


Physics and chemistry have been united 
on occasion only to lose acceptance 
through the prestige pressures of the 
established disciplines. Originally, the 
efforts of the Physical Science Study 
Committee were aimed toward a two- 
year sequence of fused chemistry and 
physics. Consensus regarding the cause 
of the rapid extinction of general sci- 
ence is that it never had an internal 
coherence, having been only a hodge- 
podge of unrelated facts pilfered from 
the different kinds of science. An ex- 


knowledge of biology and the increased 
emphasis on competent research, the 
content and techniques employed 
should be evaluated carefully and con- 
tinuously in terms of the contribution 
which they seem to make to the im- 
provement of the education of all young 
people that have career interest. 


Rebuilding the Science Program . . . 


amination of general science textbooks 
reveals that they are largely a collec- 
tion of preview studies of the differen- 
tial sciences. 

To propose that the out-dated 
boundaries between the science disci- 
plines be dissolved in a modern cur- 
riculum is no longer visionary. The 
spiraling concepts of science which 
dangle vertically must now be cross- 
woven by a horizontal organization 
that gives unity, strength, and respect- 
ability to a curriculum. Teachers with 
a desire to work on the frontiers of 
science education might consider pro- 
gram development through a unified 
approach to the teaching of science. 


The Program 


One program now under way began 
in 1959 at the Center for School: Ex- 
perimentation at the Ohio State Uni- 
versity. An _ integrated-fusion high 
school science curriculum (grades 9-12) 
is being developed and tested by the 
staff of the Ohio State University 
School. Educators and scientists in the 
role of consultants lend a national 
scope to the project. The project at- 
tempts in a four-year sequential pro- 
gram to fuse the subject matter and 
method of the formerly independent 
high school studies of life, matter, and 
energy into a unity of relationships. The 
first two years of the sequence, Science 
I and Science II have been incorporated 
into the University School program and 
are required of all ninth and tenth grad- 
ers, respectively. During the 1961-62 
school year, elective Science III was 
initiated and the following year the 
more specialized Science IV will begin. 
Each year a traditional science course 
is being replaced. The advantage of 
this curriculum reorganization can only 
be predicted. Evaluative measurement 
must await further refinement. Yet, it is 
believed that the content coverage of 
the four-year sequence should even- 
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tually exceed traditional coverage since 
duplication and overlap will be 
avoided. Moreover, all secondary 
school students should experience depth 
and breadth in studies involving matter, 
energy, and life. In the past, only the 
“science major” experienced such depth 
and breadth. The unique outcome of 
this horizontal organization, however, 
is that student exposure to science be- 
comes a single, dynamic, orderly, un- 
derstandable, controllable structure— 
not an archipelago of diverging or 
static islandic disciplines. 


Organization 


The structure of Science I is 
founded upon the interrelatedness of 
matter, energy, and life. Students in- 
ductively and deductively discover that 
chemical elements, forms of electro- 
magnetic radiation, and species of 
plants and animals can be naturally 
classified on the bases of distinguish- 
ing properties, and, subsequently, 
ordered into periodic tables, spectra of 
electromagnetic radiation, and phylo- 
genetic trees. 

The student with a minimum of facts 
discovers theoretical schemes that re- 
duce the array of endless diversity in 
the universe to a unity of relationships. 

Having grasped the idea of orderli- 
ness of the universe in terms of com- 
ponent entities, students are ready to 
deal with concepts that interpret na- 
tural phenomenon in broad terms. 
There are certain fundamental generali- 
zations of nature to which the student 
is naturally led. The laws of transfor- 
mation of matter and energy set the 
pattern for the subsequent study of the 
sun. Elements of the sun undergoing 
nuclear changes release energy that 
literally controls the earth. Photosyn- 
thesis and weather are studied as two 
processes wherein a planet reacts to a 
star or other planetary objects. 

Science II has also been freed from 
restrictive discipline boundaries. The 
depth teaching of the facts and mecha- 
nism of geologic and organic change 
are concurrent. The teaching of oxida- 
tion (reaction chemistry) fuses with 
respiration (biology), as do studies of 
nerve physiology with electrochemistry. 

In the latter unit for example, stu- 
dents begin with a study of the case 
history, Frogs and Batteries. Here they 
experience the discoveries of early 
physicists, biologists, and chemists as 
they seek the sources of “animal elec- 
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tricity.” On the modern scene they 
continue to see that nerve physiology is 
a correlation of depth physics and 
chemistry in the site of an organism. 

The content of Science III is being 
organized in three principal and se- 
quential units. Each of the units is in- 
tegrated (i.e., fused) by a single theme 
that is common to the structure of all 
science. Each theme reflects the dy- 
namic nature of science and _ its 
processes. 

Specifically, the three themes in order 
of presentation are: (1) Quantification, 
the foundation of science; (2) Human 
Senses, the way to science; and (3) 
Models, the expression of science. 

Each unit borrows heavily from 
other organized attempts to modernize 
the science curriculum. For example, 
kinematics as developed by the Physi- 
cal Science Study Committee is an inte- 
gral part of the larger unit on quantifi- 
cation. Electron configuration of atoms 
and the geometrical results of bonding 
with other atoms as developed by the 
Chemical Bond Approach fill a major 
portion of the unit on models. Biologi- 


cal processes and behavior provide 
many opportunities for students invent- 
ing techniques of quantification. 
Though Science IV will not become a 
reality for another year, it is conceived 
as a continuation of Science III. Pre- 
sumably the first unifying theme to be 
exploited will be, Equilibrium. 

The prospects of teaching unified 
science in the high school raises many 
questions. Is the breadth preparation of 
science teachers sufficient to enable 
them to teach secondary school science 
in fused context? Are the current school 
science facilities adaptable to this ap- 
proach? Is unified science suited for 
just one kind of student? Who should 
develop unified science programs, using 
what concepts and for what grade 
levels? 

Small pilot programs in unified sci- 
ence are known to be under way in 
several states. Their impact upon the 
current horizontal and vertical organi- 
zation of school science will likely be 
felt, as more schools endeavor to adjust 
their curricula to the natural integrality 
of science. 


Cubical Model of authors’ concept of teaching unified science. 
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Who is learning more? aan 


the 
3 
slower 
careful CS 
student \ 


The 


or group of students working independently can then progress at 


the most efficient rate. 


Of course, the best work 
is done by each student at 
his own speed. The rapid 
worker should be allowed 
to progress as rapidly as 
he can assimilate the ma- 
terial and the slower, more 
meticulous student should 
not be forced to work be- 
yond his most efficient rate 
of learning. 


UBS Laboratory Panel System 


provides a separate power supply for each work area. Each student 


AD-LAB is not one unit, but a system of MODULAR compon- student circuiting and help him understand the function of 
ents which the student himself assembles to give him the each unit. 
power he needs for his work. Students learn by doing with AD-LAB Laboratory Panels 


Circuits printed on the face of each component teach the 


For more information write: ARIEL DAVIS MANUFACTURING CO. 


Department H1261 3687 South State Street 


i Salt Lake City 15, Utah 
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Chemistry 


Teaching Half Life Concepts 


By LESLIE W. TROWBRIDGE, University of 
Michigan, Ann Arbor, Michigan 


The concepts of half life for radio- 
active disintegration can be taught in 
a two-step process employing several 
graduated cylinders and water that con- 
tains vegetable coloring for better 
visibility. 

In step one, a 1000-ml graduate is 
tilled with colored water to the 1000-ml 
mark and a siphon hose is inserted to 
which a screw clamp is attached. The 
discharging end of the hose is placed in 
a second 1000-ml graduate as shown in 
Figure 1. 

With this setup, the teacher may set 
the rate of discharge at some conveni- 
ent level, explaining that the “half life” 
is perhaps one minute for this particular 
“radioisotope.” Students will observe 
that at the end of the first minute, the 
level of the colored water in the first 
graduate is at the 500-ml mark, and at 
the end of the second minute, the level 
is at the 250-ml mark, etc. 

Two things emerge from this: (1) 
that the rate at which water is leaving 
the graduate is decreasing (because of 
the decreasing flow as the levels in the 
two graduates approach each other); 
somewhat analogous to the decreasing 
rate of disintegrations in a radioactive 
substance as less of the parent element 
remains, and (2) that the discharged 
water caught in the second graduate 
may represent the residue after radio- 
active disintegration had taken place. 
Thus, by knowing the proportion of 
“residue” to “parent element” and the 
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half life, it is possible to determine the 
original amount of the sample and its 
“age,” or in other words the amount of 
time that has elapsed since the first 
graduate was filled to the 1000-ml 
mark. For example, if after a certain 
elapsed time the first graduate contains 


125 ml and the second graduate con- 
tains 875 ml, and the “half life” is one 
minute, the original amount of the 
sample must have been 1000 ml, and its 
“age” must be three minutes (original 
amount = 125 xX 3°). 

In step two, a series of six 100-ml 
graduates are filled with colored water 
in the following amounts: 100 ml, 50 
ml, 25 ml, 12.5 ml, 6.25 ml, and 
3.125 ml, respectively. These six gradu- 
ates are then set on top of the light box 
as shown in Figure 2. 

When set up this way, the graduates 
represent the proportional amounts of 
the parent element remaining at the 
end of each successive half-life period. 
In addition, it can be seen that the sur- 
faces of the liquid in successive gradu- 
ates conform to an exponential curve. 
Thus it is possible at this point to have 
the students plot this curve by placing 
a stiff white cardboard directly behind 
the graduates. The cardboard should 


FIGURE 1. Setup for showing amounts of “parent element’ and “residue” remaining after successive 


half-life periods. 
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Which way 


to biology? 


Harcourt, Brace & World publishes two high school biol- 
ogy texts: Exploring Biology, The Science of Living Things, 
by Ella Thea Smith, and Your Biology, Second Edition, 
by Ella Thea Smith and Lorenzo Lisonbee. The first 
text is intended for the average and the better-than- 
average student; the second is for the “science-shy” stu- 
dent, the student who has reading problems, the student 
who takes more time to learn than the average. 


Your Biology uses a nonacademic approach, uses text- 
book techniques that are appropriate to the special needs 
of the science-shy student. Reading lessons are short, 
student activities are varied and appear on almost every 
page, and explanatory illustrations are used profusely 
throughout the text. The writing is unusually clear and 
direct, with the reading level averaging about 8th grade. 


The Second Edition of Your Biology, which has just been 
published, contains several new features which are sure to 
prove successful, among them a specially prepared, 16- 
page, full-color section of human body charts with “How 
It Works” diagrams on the page facing each chart, and 
a 256-page Teacher’s Manual with many valuable, spe- 
cific teaching suggestions. 


If you are not familiar with the Your Biology approach 
to the science-shy student, we invite your inquiries. 


HARCOU 


A secondary school textbook 
catalog is available from 
School Department offices in: 
NEW YORK 

CHICAGO 

ATLANTA 

DALLAS 

BURLINGAME 


T, BRACE & WORLD, Inc. 


SCIENCE PROGRAM 


TEXTBOOKS AND CORRELATED TEACHING AIDS FOR GRADES 7-12 


GENERAL SCIENCE HEALTH EDUCATION 
NONACADEMIC BIOLOGY BIOLOGY 
PHYSICAL SCIENCE PHYSICS 


METHODS TEXTS AND SOURCEBOOKS FOR TEACHERS 
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have the abscissa and ordinate drawn 
upon it and spacings on the abscissa 
marked off to correspond with the 
width of the bases of the graduates. 
These spacings likewise correspond to 
half-life periods. To plot the points, 
have a student sight the cardboard at 
the level of the water in each graduate 
and place a mark upon the cardboard in 
bright wax pencil. Removing the card- 
board, a smooth curve can be fitted to 
these points. 

Use of this device enables students 
to get a clearer conception of (a) the 
meaning of half life, (b) the use of 
half life in determinations of the age of 
radioactive samples, and (c) the mean- 
ing of the exponential decay curve by 
means of a direct visualization. 


Chemistry 


Solubility of Ammonia Gas 


By ARCOT VISWANATHAN, The New 
College, Madras, India 


A new method for demonstrating 
the solubility of gaseous ammonia has 
been used in the first year classes of 
our school. It may be of interest to 
other teachers. 


Materials Needed: 


1. Two clean dry gas collection 
jars (diameter, 6 cm; height, 20 
cm) with ground-glass edges. 
Water. 
A colored cartesian diver with 
its density adjusted to be slightly 
higher than that of water. (De- 
termine by experimentation. ) 
4. A source of dry gaseous am- 
monia, hydrogen chloride, car- 
bon dioxide, and sulfur dioxide. 


Procedure: 


Half fill one of the gas collection 
jars with water and insert the adjusted 
diver previously mentioned. The open 
ground-glass seam of the jars should 
be well greased to facilitate a tight seal 
when the two are joined at the open 
end. Invert the second jar filled with 
ammonia gas over the first, pressing 
the two tightly together. If the diver has 
the proper density adjustment, it will 
slowly rise to the surface as the gas dis- 
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FIGURE 2. Setup used for plotting the exponential “decay curve” from direct visualization. 


solves in the water producing a partial 
vacuum in the upper portion of the 
apparatus. After a short period, break 
the seal and slide the upper jar across 
the lower allowing air to re-enter the 
system. As the air enters, the diver 
will sink. Close the system, remake the 
seal, and the diver will rise, providing 
there is a sufficient quantity of am- 
monia gas remaining in the upper jar 
to reduce surface pressure. The demon- 
stration may be repeated with other 
gases that exhibit the same physical 
properties as ammonia, but to insure 
best results the diver should be re- 


moved from the system and washed, 
the system cleaned, and fresh water 
added. This demonstration is another 
version of the classical “Fountain” ex- 
periment to determine the high solu- 
bility of ammonia gas. 


“Cold Light” Luminescent Chem- 
ical Demonstration for Classroom use. 
Ideal for science fairs. Similar to 
firefly and deep sea fish lights. 


Write to—VARNITON COMPANY 
416N. Varney St. Burbank, Calli. 


Godfrey 


for Researchers, 
Teachers, Students 


Godfrey molecular models 
give best representation 
of van der Waals’ and co- 
valent radii—a true pic- 


Models of small ring com- 
pounds and bicyclic com- 


MOLECULAR MODEL KIT 


Plus NEW SUPPLEMENTARY MODELS 


ture of steric hindrance. 


pounds easily made. 
Show flexibility and resil- NEW 


elements may be represented in 65 
ferent atoms. 


for Full Details 
BRONWILL SCIENTIFIC 


A Division of Will Corporation 


Indole and 9,11 
Linolec acid clusters. 


Atoms: 


278 N. Goodman Street 
Rochester 3, New York 
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the second edition... 


School Facilities for Science Instruction 


Published by the National Science Teachers Association 


m Report of an extensive study of rooms 
and other facilities for use in science teach- 
ing. Deals with a wide variety of resources 
for elementary and high schools and for the 
preparation of science teachers in colleges. 


m The text of this second edition has been 
edited to take into account the current cur- 
riculum studies in science. Thoroughly prac- 
tical in nature, the book covers science 
teaching facilities ranging from school lab- 
oratories through science classrooms, com- 
munity resources, school-ground laborato- 
ries, greenhouses, and audio-visual services. 


m@ Nearly five hundred people contributed to 
the preparation of this book, including 
school superintendents and principals, ele- 
mentary teachers and high school science 
teachers, school architects, science educa- 
tors, and members of school boards and 
state departments of education. 


CONTENTS 


m Basic Principles Underlying Science Facilities 
m General Aspects of School Science Facilities 
@ Facilities for Elementary School Science 


@ Facilities for the High School Multi-Purpose 
Science Room 


@ Facilities for High School General Science 
@ Facilities for High School Biological Science 
@ Facilities for High School Chemistry 

@ Facilities for High School Physics 


@ Facilities for Developmental, Applied, and 
Specialized Courses in High School Science 


@ College Facilities for the Education of Science 
Teachers 


@ Lists of Equipment and Supplies with Reference 
to the Activities of NDEA in the Field 


FEATURES 


m 266 pages—8'4 x11 Photos m Diagrams 


@ Sketches @ Drawings wm Plans of room layouts 


PRICE, $5.00 


Send your or der to: Publications Sales Section, National Education Association 
1201 Sixteenth Street, N. W., Washington 6, D. C. 
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Staff Changes 


John W. Renner leaves NSTA this 
month to accept appointment as Asso- 
ciate Professor of Education at the Uni- 
versity of Oklahoma, Norman, beginning 
January 1, 1962. In his new position, Dr. 
Renner will head up a growing program 
of teacher education in science. He will 
work directly with the College of Edu- 
cation Dean, James G. Harlow, who is 
widely known in NSTA circles also. Dr. 
Renner joined the NSTA_ headquarters 
staff as Associate Executive Secretary in 
August, 1959. 

Beginning January 1, 1962, Marjorie 
Gardner will serve as Assistant Executive 
Secretary of NSTA. In addition to her 
duties as Director of the Vistas of Science 
books program, Dr. Gardner’s expanded 
responsibilities will include certain special 
projects and Association activities, some 
of which will be on an interim basis pend- 
ing the appointment of a successor to fill 
the position vacated by Dr. Renner. 


Membership Report 


Each month, over 20,000 members 
and subscribers receive NSTA services 
which include The Science Teacher, the 
Elementary School Science Bulletin, the 
Packet’ Service, and special mailings. 
These services afford excellent oppor- 
tunities for communication with teachers 
and supervisors on up-to-date curriculum 
developments, scientific reports, and 
progress reports of NSTA activities. The 
key to being fully informed in the field 
of science teaching is continuing member- 
ship participation in NSTA. 

Do Not Let Your Membership Lapse. 
Membership renewal notices are sent to 
all sustaining, regular, and student mem- 
bers three or four months prior to expira- 
tion of services. You can facilitate the 
operation of membership maintenance 
by paying your renewal fee promptly. If 
you also hold membership in one of the 
Sections of NSTA, payment of such 
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membership fee should be made with the 
NSTA payment that you send in. 


Each One Invite One 


Several weeks ago each of you received 
a letter from Madeleine Skirven, National 
Membership Chairman, encouraging you 
to invite one of your fellow teachers to 
join in membership in NSTA. We hope 
you made good use of the enclosed Mem- 
bership Application Form and signed up 
a new member. 

And now you have the opportunity to 
enroll another member. For your con- 
venience a card has been bound into this 
issue of The Science Teacher. Detach 
and extend your personal invitation today. 
(Turn to page 69.) 


New Membership Service 


As an added service, regular and 
student members will receive a copy of 
the Elementary School Science Bulletin 
each month beginning with the January 
issue. ESSB is published by the Asso- 
ciation eight times during the school year. 

NSTA has initiated this service in re- 
sponse to numerous requests from second- 
ary school science teachers and curricu- 
lum committees for materials concerning 
elementary school science. The Asso- 
ciation is certain that through ESSB, more 
secondary school personnel will be able 
to keep informed of current trends and 
new developments in the elementary 
school science program. 


Vistas of Science 


Spacecraft, the first book of the Vistas 
of Science series of resource books for 
secondary school science, has just been 
released. 

Contents include up-to-date develop- 
ments on space vehicles and their uses. 
There is an activities section with proj- 
ects for students to help them gain in- 
sights into spacecraft design and space 


travel. To ciarify the text, both sections ' 
are abundantly illustrated with diagrams, 
charts, and photographs. The main text 
of Spacecraft was written by James J. 
Haggerty, Jr., science writer and con- 
sultant of Aerospace Industries Associa- 
tion of America, Inc., Washington, D. C. 
The activities section was prepared by 
John H. Woodburn, chemistry teacher at 
the Walter Johnson High School in Rock- 
ville, Maryland. 

Spacecraft was produced as a cooper- 
ative endeavor of NSTA and the sponsor, 
the National Aeronautics and Space Ad- 
ministration, Washington, D. C. NASA 
evaluated the book’s content for scien- 
tific and technical accuracy. NSTA co- 
ordinated the development of the manu- 
script and provided the advisory group 
and panel of science educators to deter- 
mine the book’s educationa! acceptability. 
The design and editing were done by the 
publisher, Scholastic Book Services, Inc., 
of New York City. 

A copy of Spacecraft, as well as forth- 
coming books in the Vistas series, will 


As a regular feature of The Science Teacher, the 
calendar will list meetings or events of interest to 
science teachers which are national or regional 
in scope. Send your dates to TST’s calendar editor 
as early as possible. 


December 26-30, 1961: NSTA Annual 
Winter Meeting in conjunction with 128th 
meeting of the American Association for 


the Advancement of Science, Denver, 
Colorado 

January 22-26, 1962: Annual Meeting, 
American Meteorological Society, New 
York City 

January 24-27, 1962: Annual Meeting, 


American Association of Physics Teach- 
ers, Statler-Hilton Hotel, New York City 
(Joint meeting with the American Physi- 
cal Society) 

February 21-24, 1962: 35th Annual Meeting, 
National Association for Research in 
Science Teaching, Willard Hotel, Wash- 
ington, D. C. 

March 9-14, 1962: NSTA Tenth Annual 
National Convention, San _ Francisco, 
California 

April 8-14, 1962: National Library Week 

April 15-18, 1962: 40th Annual Conven- 
tion, National Council of Teachers of 
Mathematics, Jack Tar Hotel, San Fran- 
cisco, California 

April 24-27, 1962: 59th Annual Meeting, 
National Catholic Education Association, 
Cobo Hall, Detroit, Michigan 
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MICROSCOPE 


| 


X120 


Fixed focus 
for slides 

and 
test tubes 


Wide assortment of prepared 
slides priced less than 4 what 
you are now paying. 

Students can prepare their 
own slides swiftly and simply 
for only 3 cents each. 


Best of all a special test 
tube costing only 6 cents 
allows the individual, slow 
penetrating study of pond life 
and brings a fresh sense of 
discovery to the classroom. 


Bring YOUR students 
a big, important step 
closer to nature. 


The price of $1.95 per Microscope 
E permits individual student use — fifty 
pes sets can be had for one conventional 
instrument. 

Send for descriptive booklet — or better 

yet order a sample set of Microscope, 

slides and test tube for only $2.00 

postage paid. 


33 University Road, 
Cambridge 38, M husetts 


be provided free to sponsors of all science 
clubs enrolled in NSTA’s Future Scien- 
tists of America youth organization. 

Another Vistas book scheduled soon 
for publication will relate to measure- 
ments, under the sponsorship of the Na- 
tional Bureau of Standards, Washington, 
D. C. The book has been written by 
William J. Youden, Sr., of the NBS Divi- 
sion of Applied Mathematics. 


FSAA Regional Chairmen 


The eleven regional chairmen for the 
1961-62 Future Scientists of America 
Awards program have been appointed 
and are now preparing for action. They 
are now assembling judges who will 
evaluate 6000 or more reports of student 
projects which will be entered in this 
competition. The work of the chairmen 
and their committees in judging and 
evaluating entries is an important task 
and fully appreciated by NSTA. 

Chairmen who have taken on the re- 
sponsibility this year are as follows: 
Region I, Edgar N. Johnson, West Spring- 
field High School, West Springfield, 
Massachusetts; Region II-A, Grace Mur- 
ray, Monroe High School, Rochester, 
New York; Region II-B, A. M. Weck- 
stein, Bridgewater-Raritan High School, 
Raritan, New Jersey; Region III, Paul 
Hounshell, Winston-Salem City Schools, 
Winston-Salem, North Carolina; Region 
IV, J. Stanley Marshall, Florida State 
University, Tallahassee; Region V-A, 
James Barnes, Eastern Michigan Uni- 
versity, Ypsilanti; Region V-B, Wayne 
Kincaid, Manual Training High School, 
Indianapolis, Indiana; Region VI, Robert 
Yager, University High School, Iowa 
City, Iowa; Region VII, Barbara Van 
Hook, Lee’s Summit Senior High School, 
Lee’s Summit, Missouri; Region VIII-A, 
Harold Trautman, Portland Public 
Schools, Portland, Oregon; Region VIII- 
B, Harry K. Wong, Menlo-Atherton High 
School, Atherton, California. 

All entries should be mailed as far in 
advance of the March 31, 1962 deadline 
as possible. This will assist the chairmen 
and their committees to complete selec- 
tions of winning projects in time for all 
student awards to be presented by June 
1, 1962. If you have not already done so, 
write to NSTA headquarters for entry 
forms and materials. Please limit your 
requests to cover 10 to 15 per cent of 
your total students. 


Century 21 Exposition 


Robert A. Rice, NSTA Retiring Presi- 
dent and Coordinator of the Children’s 
Area Science Exhibit of the 1962 Cen- 
tury 21 Exposition in Seattle, has re- 
turned to Berkeley, California to as- 


sume a new position as Mathematics and 
Science Supervisor of the Berkeley pub- 
lic schools. 

Through the services of Mr. Rice and 
an advisory committee, the Children’s 
Area exhibits have been designed and 
are now under construction. They will 
be a part of the U.S. Science Exposition 
sponsored by the Department of Com- 
merce. NSTA and Mr. Rice, however, 
will no longer be associated with the 
project as the contract between NSTA 
and the Government has been cancelled. 


Teacher Science 
Study Tour, 1962 


Prospects for NSTA’s Second Euro- 
pean Science Study Tour for teachers 
next summer seem bright. Replies to 
our October “feeler” were sufficient to 
justify tentative reservations for travel 
space and hotel accommodations. Plan- 
ning of the itinerary and special visits is 
now under way. The group will be 
limited to 32 participants and the cost 
to each will be approximately $1400. 
Complete information and application 
forms will be available from NSTA head- 
quarters about January 15, 1962. 

For information on the first tour by 
NSTA, see the May 1961 copy of TST. 


THE WONDERS 
OF ALGAE 


By Lucy KAvALeR * “A timely 
subject, since there is much talk 
of the food value of algae, of 
making more use of the sea, etc. 
This is well written and illus- 
trated with pencil sketches, 
diagrams and photos by Barbara 
Amlick and Richard Ott. Index. 
Recommended for all libraries.” 
— Library Journal (July, 1961). 
LC 61-8281. 96 pp. Ages 11-14. 
Guaranteed Library Binding. 
$3.29 net 


THE JOHN DAY COMPANY 
Sales Office: 200 Madison Ave., N. Y. 16 


THE SCIENCE TEACHER 


The NEW 
: | M ifi 
agnification 
yy 
= 
\\ 
ES 
“For all libraries 
> 
~Ealing 


THE PERFECT TEACHING COMBINATION... 


A dedicated teacher, a bright student and this remark- 
able new AO Spencer Sixty Microscope add up to all 
the essential conditions for truly effective teaching. 
This new teaching microscope by American Optical is 
years ahead in design, yet it’s priced with the lowest 
student types. Here are just a few of the reasons why 
it is your best buy today in teaching microscopes. 

Superior optical performance — greater specimen 
detail — flatter fields from center to edge — with exclu- 
sive, parfocal, infinity-corrected objectives. New focus- 


ing concept — Auto-focus and “feather touch” nose- 
piece focusing eliminate slide breakage. Increased 
resolving power — in-stage or substage condenser is 
standard equipment on all models. In-base illumina- 
tor — illuminator is integral part of base — just push 
a button to get perfect illumination — mirror is option- 
ally available. Exclusive separate coaxial coarse and 
fine adjustment controls — low positioned. 

And there’s much more! Get the full story! Write 
for full-color, 12 page brochure. 


e 
American Optical 
COMPANY 


Dept. Z95 | 
Gentlemen: 

0 I would like a demonstration of the AO Spencer Sixty. | 
0) Please send me full-color, 12 page brochure. 


IN CANADA write — American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario 


: 

INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 4 
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For Your School Library 


“...a first class tool without substitute” 


The 15- volume 
McGraw-Hill 
ENCYCLOPEDIA OF 
SCIENCE AND 
TECHNOLOGY 


9,300 Pages... 7,200 articles... 2,000 noted 
specialists including Nobel Prize Winners. 


Yearbook to keep the Encyclopedia up-to-date. 


Articles range in length from 100 to 15,000 words. 


Cross Refi d (40,000 citations) 


Fifteen Volumes (including Index: 


Write for more information to 


School Division McGraw-Hill Book Company, Inc. 330 west 42nd st., New York 36 
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The Encyclopedia of the Biological Sciences. 
Peter Gray. 1120p. $20. Reinhold Publish- 
ing Corporation, 430 Park Ave., New 
York 22, N. Y. 1961. 


As a comprehensive reference source, this 
volume is useful for anyone seeking infor- 
mation concerning specific areas of biology. 
Approximately 800 articles concerned with 
various areas of biology are included; many 
are excellently illustrated. The articles, ar- 
ranged alphabetically, include new topics 
such as space biology and also bring up-to- 
date information about the more established 
areas of biology. The book is even more 
appealing because the articles are written by 
specialists in their respective fields. Persons 
such as Beadle, Alexopoulos, Romer, and 
Buchsbaum are contributors to this compre- 
hensive treatment of biology. 

In addition to the information provided 
by the contributor, a bibliography is pro- 
vided also at the end of each article. Many 
of the articles are cross referenced. Auto- 
biographies of famous biologists are pro- 
vided in the volume. Students could obtain 
a historical perspective of biology from this 
information. Another interesting section of 
the volume provides a listing of the inter- 
national biological societies and their ad- 
dresses. An index is provided which will he!p 
students find information easily. Since the 
book is well bound, it should withstand con- 
siderable handling. 

In attempting to review the volume as a 
possible high school reference, some objec- 
tions are given. The text type is in small 
print. Moreover, there are some levels of 
difficulty in the use of technical terms. For 
example the use of such terms as Alcyoni- 
dium hirsutum may be difficult for most high 
school students to grasp. Another example 
is: “Trophallactic relationships are impor- 
tant in the cohesion of most colonies of 
social insects . . .” Students would need 
strong teacher guidance with various 
articles. Nevertheless, this volume can make 
a valuable contribution to high school 
biology programs and should be found in 
every high school science library. 

BurTON E. Voss 
The Pennsylvania State University 
University Park, Pennsylvania 


A Sourcebook for the Physical Sciences. 
Alexander Joseph, Paul F. Brandwein, 
Evelyn Morholt, Harvey Pollack, and Jo- 
seph F. Castka. 648p. $7.95. Harcourt, 
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Brace and World, Inc., 750 Third Ave., 

New York 17, N. Y. 1961. 

The authors in their preface indicate that 
their mission is to present a multitude of 
experiments, laboratory procedures, projects, 
and demonstrations which will, through the 
wise choices made by teachers, fit the variety 
of teaching situations in our schools. They 
have accomplished this goal. Current infor- 
mation, as for example, the descriptions of 
the Physical Science Study Committee mate- 
rials and similar national programs for chem- 
istry are included. When one contemplates 
the task of bringing together what the au- 
thors have accomplished, one might have 
some concern that the task is insurmount- 
able. To make the wise choices from the in- 
numerable activities available from which 
there are sources seems another insurmount- 
able task. Here again, the authors have been 
wise in their choices of items for inclusion 
in the book. 

The book is divided into three sections, 
the titles: Physical Science, Chemistry, and 
Physics. Each section is then sub-divided 
into general content topics for which 
activities are described. Generally, the au- 
thors not only describe the activity, but also 
give a reason or reasons for the observation 


recorded by the student. However, where 
appropriate, the student is led to complete 
the observation and formulate his own con- 
clusion without help from the printed word. 
This is an appropriate technique. It would 
be difficult to state the proper grade place- 
ment for each; the activities and the authors 
have not fallen into this error. The reader 
will be pleasantly surprised to observe the 
wide range of difficulty involved in the ac- 
tivities. Some are well known, simple, and 
easily completed with a minimum of equip- 
ment. Others involve much more sophistica- 
tion, both in equipment and in comprehen- 
sion. The Introduction and the last two 
chapters of this book are worthy of special 
mention. The Introduction covers patterns 
in the use of laboratory techniques and pro- 
cedures. In this, the authors generalize about 
teaching techniques and methodology. At the 
same time, enough specifics are included in 
the Introduction so the reader does not have 
the feeling that this “is the same old stuff.” 
The titles of the last two chapters describe 
specifically the contents. These are: “Skills 
and Tools in the Laboratory,” and “Science 
Facilities for a Science Program.” In the 
latter two chapters, each author writes as 
the “old pro” who is giving his all to help 
the newcomer. Again, a dual role appears 
and we find new ideas interspersed with 
what we have always known as old tried- 
and-true ideas. 

The appendix of this volume is especially 
useful. It includes reference tables; suggested 
readings; a bibliography of books for the 
science library; an excellent current list of 
films and filmstrips, including their produc- 
ers; a directory of manufacturers, distribu- 
tors, and supply houses. This book is highly 
recommended for the high school teacher of 
the physical sciences. It might be considered 
a must for the beginning high school teacher 
of the physical sciences. 


H. SEYMOUR FOWLER 
The Pennsylvania State University 
University Park, Pennsylvania 
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St. Louis Motors, 


VACUUM EQUIPMENT 


Mech Pumps for pressure—range—1 Atmosphere down to 150 micronz................$34.50 
Diffusion Pumps for pressure—range—down to .01 
McLeod Gauges for range—1 micron to 1000 


500,000 Volts — Kit or Assembled 


36” high, 14” slum. obiates and frame .. . kit 
includes all necessary parts and drawings, and 


directions, as above. 
$37.50 Post Paid 


200,000 Volts — KITS $24.50 Post Paid 


‘ean be assembled with pliers and screw driver) 
Specifications—17” high, 7” diameter, 200,000 volt 
potential. 1.5 to 2.5 microamp Current, 0-90% 
relative humidity range. Life-of-service . . . over 
1000 operating hours. 110v 60 cycle AC motor, 
insulating column of unbreakable vinyl chloride, oil 
impregnated bronze bearings, aluminum base. hous- 
ing, frame and charge collection 5 tba 


Fully Assembled $39.50 
Post Paid 


Deluxe Model—w. ball bearing motor, assembled, 
delivers 12 microamp current. Warranted 5 yrs. or 
-0.B. Buffalo—$128.00. 


$18.50 
$14.00 


MORRIS ana LEE 


DEPT. ST-12 Ss 
294 ELM ST., Buffalo 3, N.Y. 
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Physics; The Pioneer Science. Lloyd W. 
Taylor. Volume I: Mechanics, Heat, 
Sound. Volume II: Light, Electricity. 
848p. $4. Dover Publications, Inc., 180 
Varnick St., New York 14, N. Y. 1960. 

Volume I includes: Motion, Free Fall, 

Equilibrium, Vectors, Weight, Mass, Acceler- 

ation, The Infinitely Large, Gravitation, 

Atomism, Harmonic Motion, Conservation 

of Energy, Rotation, Temperature, Thermal 

Expansion, Heat and Mechanical Energy, 

Heat Engines, Sound, Acoustics of Rooms, 

Pitch, Intensity of Sound, Quality of Musical 

Tone, and other topics. Volume II includes: 

Properties of Light, Illumination, Images, 

Lenses, Prisms, Color, Length of Light 

Waves, Spectra, Polarized Light, Magnetism, 

Static and Current Electricity, Magnetic 

Effect of Current, Electrical Units, Ohm’s 

Law, Electromagnetic Induction, Dynamos, 

Alternating Currents, Telegraph, Telephone, 

Quantum Theory, The Decline of the 

Mechanical View of Nature, and other 

topics. Problems are found at the end of 

each chapter. Publication is a complete 
paperbound textbook in two volumes. 


Problem-Solving Methods in Science Teach- 
ing. Lester C. Mills and Peter Dean. 88p. 
$1.50. Bureau of Publications, Teachers 
College, Columbia University, New York 
27, N. Y. 1960. 

A monograph, one of a series, prepared by 

the Science Manpower Project. Chapter 

headings include: Introduction to Problem 

Solving, Problem Solving Opportunities, and 

Problem Solving in Earth Sciences—Bio- 

logical Experience. Introduces the concept 

and meaning of problem solving. Discusses 
ways in which the teacher can recognize 
motivation. Gives a specific problem to be 
solved in the fields of biology, chemistry, 
and physics. Tells what evaluation should 
do and how it can be carried out. This book 
would be helpful to any teacher of science. 


The Universe of Light. Sir William Bragg. 
284p. $1.85. Dover Publications, Inc. 180 
Varnick Ave., New York 14, N. Y. 1960. 

This publication consists of an expansion of 

the Royal Institute Christmas Lectures by 


66 


the author. This work includes the nature 
and working of lenses, reflection, refraction, 
the optics of vision and defects of the eyes, 
color, resonance, polarization, light and 
astronomy, X rays, crystal optics, cathode 
rays and other electron discharges, the photo- 
electric effect, lenses, and optical instru- 
ments. It also gives an explanation of the 
colors of a spectrum, rainbow, or soap 
bubble. Tells how magic mirrors and pinhole 
lenses work, and other simple demonstra- 
tions of basic laws and principles. The cor- 
puscular and wave theories of light are also 
explained. Requires no scientific training for 
understanding and is written in an interest- 
ing style. An excellent addition to a science 
teacher’s library. 


Astronomy. H. C. King. 256p. $4.95. 
Franklin Watts Inc., 575 Lexington Ave., 
New York 22, N. Y. 1960. 

One in the new series of Watts Illustrated 

Science Books. Chapter titles include: Be- 

fore the Telescope, The Tools of Astronomy, 

The Sun, The Planets, The Stars, Our 

Galaxy—the Milky Way, and Beyond the 

Milky Way. Takes the reader from ancient 

myths and astrology through Copernicus, 

Galileo, Newton, and on to the radio tele- 

scope and artificial satellites. Well written; 

good illustrations; inclusive glossary. Inter- 
esting for the more mature high school 
student and his teacher. 


The Wider Universe. Paul Couderc. 124p. 
$2.25. Harper and Brothers, 49 East 33rd 
St., New York 16, N. Y. 1960. 

Author has given us a compact book of 
valuable proportions. By limiting himself to 
current knowledge of galactic activities he 
has set forth fundamental ideas that are 
valuable to the layman. The factual infor- 
mation of galactic movements, the spectral 
shift, and stellar activities make this book an 
easily understood addition to the reference 
material about our universe. 


Our Atmosphere. Theo Loebsack. Translated 
from the German by E. L. and D. Rewald. 
190p. 50¢. A Mentor Book. New Ameri- 
can Library, 501 Madison Ave., New 
York 22, N. Y. 1960. 

Book is written in layman’s language with 

a style that makes entertaining reading. Be- 

gins with the various theories as to the 

formation of the atmosphere and _ subse- 


quent beginnings of life. The various layers 
of the atmosphere are described and ex- 
planations of phenomena such as rainbows, 
mirages, and polar lights are given. Begin- 
ning with the process of photosynthesis, it 
explains how plants and animals make use 
of the air. Unusual examples of speed and 
lift of insects and birds are given. The com- 
position of the atmospheres of the other 
planets of our solar system is given. Weather 
and weather-forecasting are presented with 
such topics as: the earth-wind system, the 
production of precipitation by cloud-seeding, 
tornadoes, hurricanes, the jet streams, 
thunder and lightning, and the Beaufort 
wind scale. The last portion of the book 
describes the oxygen and nitrogen cycles, the 
physiology of respiration, the principles of 
flight, theories as to whether our climate is 
changing, and the radiation dangers includ- 
ing physical and genetic injury. 


Electricity: How It Works. Perry Dunsheath. 
248p. $3.95. Thomas Y. Crowell Com- 
pany, 432 Park Ave., New York 16, N. Y. 
1960. 

Covers topics which include: static elec- 
tricity, magnetism, the electric current, the 
path of the current, electromagnetic effects, 
mechanical generation of electricity, alter- 
nating current and the transformer, as well 
as light and heat from electricity. Traces with 
clear and simple explanations the historical 
development of electricity. This is a book 
for high school students who are interested 
in the whole field of electricity. Contains 
many diagrams, charts, and detailed instruc- 
tions for doing practical experiments in 
electricity. 


Fun with Scientific Experiments. Mae and 
Ira Freeman. 60p. $1.50. Random House, 
Inc., 457 Madison Ave., New York 22, 
N. Y. 1960. 

Covers 57 clearly illustrated physical science 
experiments which can be performed at 
home or in the classroom with students doing 
the actual experimenting. Experiments are 
safe and require a minimum of simple ma- 
terials which can be obtained around the 
home or in the workshop. Highly recom- 
mended as an addition to the elementary 
school library or as a supplementary book 
in the classroom to stimulate scientific 
thought and interest. This is an up-to-date 
edition of a well-known publication. 


Atomic Energy, The Story of Nuclear 
Science. Irene D. Jaworski and Alexander 
Joseph. 218p. $4.95. Harcourt, Brace and 
Company, 750 Third Ave., New York 17, 
N. Y. 1961. 

The nature and structure of the atom, the 

relationship of its parts to each other, and 

how man learned to tap this vast supply of 
energy form the theme for this book. Recent 
facts on the atomic nucleus, fission, fusion, 
and isotope research are also included. 
There are a great many illustrations through- 
out the book, such as the use of “mechanical 
hands” to handle radioactive materials, the 
whole-body” scintillation counter, and the 
figure-eight fusion chamber. The book fea- 
tures many home experiments such as mak- 
ing a 110-volt AC Geiger counter, photo- 
graphing the disintegration of a nucleus by 
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a cosmic particle, and using the diffusion 
cloud chamber. Photographs and diagrams 
of most of the accelerators are also included. 


The Anatomy of Plants. P. Font Quer. 128p. 
$2.25. Harper and Brothers, 49 East 33rd 
St., New York 16, N. Y. 1960. 

One of the Science Today Series. Titles in- 
clude: Cytology, Histology, Anatomy of 
Vegetative Organs, Internal Structure of 
Vegetative Organs, Modifications of the 
Plant Body, and Reproductive Organs. The 
cell and tissues are introduced in a brief and 
easy-to-understand manner. Internal and ex- 
ternal anatomy of various parts of plants is 
discussed in the remainder of the book. Some 
drawings are used for illustration. The book 
is easy to read and understand, and it is brief 
and to the point. A fair reference book for 
high school biology students. An increase in 
the number and quality of the drawings 
would make it a much more useful book. 


Hurricanes, Tornadoes and_ Blizzards. 
Kathryn Hittle. Illustrated by Jean Zal- 
linger. 82p. $1.95. Random House, Inc., 
475 Madison Ave., New York 22, N. Y. 
1960. 
The author has succeeded in producing an 
informative book written in a most enter- 
taining style. The excellent illustrations are 
arranged to coincide with the adjacent read- 
ing material. The use of italicized print when 
technical terms are introduced is to be com- 
mended. Each type of phenomenon—hurri- 
cane, tornado, and blizzard is treated as to 
its origin, how (or probably how) it is 
formed, its destructive capabilities, and the 
pattern it may follow. The book would be a 
valuable addition to any elementary school 
library and could be profitably used in 
grades three through six. 


Thunderstorms. Thelma Harrington Bell. 
126p. $3. The Viking Press, 625 Madison 
Ave., New York 22, N. Y. 1960. 

This book is written in layman’s language in 

nontechnical terms. An excellent addition to 

the library in secondary schools. A vivid ac- 
count is given of the development of a full- 
sized thunderstorm from a single cumulus 
cloud. Explains where the energy of the 
storm comes from, why the mass of air con- 
tinues to rise, and ,the changes that take 
place as it rises. An explanation of the 
phenomenon of ionization with the for- 
mation of charge on clouds and the subse- 
quent production of the lightning bolt are 
given. The three types of thunderstorms, air 
mass, frontal, and orographical are described. 


How to Grow House Plants. Millicent E. 
Selsam. 96p. $2.75. William Morrow and 
Company, 425 Fourth Ave., New York 
16, N. Y. 1960. 

Good elementary data of a variety of indoor 

gardening projects including care of house 

plants, methods of propagation, and control 
of plant pests. There is a chapter on growth 
hormones also. 


Man on the Moon: Our Future in Space. 
James Throneburg. 66p. $2.75. Alfred A. 
Knopf, 501 Madison Ave., New York, 
N. Y. 1961. 

A book which answers many questions about 

the moon. Particular emphasis is given to 

the geography of the moon, the origin of 
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the moon, and myths about the moon. An 
imaginary space trip to the moon is also 
described. Well illustrated. Suitable for 
upper elementary grades. 


The Quest of Louis Pasteur. Patricia Lauber. 
Illustrated by Lee J. Ames. 56p. $2.50. 
Doubleday and Company, Inc., 575 Madi- 
son Ave., New York 22, N. Y. 1960. 

In reading this book one is caught up in 

Pasteur’s relentless search for truth. The 

reader’s understanding of microbes grows as 

Pasteur’s descriptions show how he devel- 

oped his processes of thought. It gives a true 

grasp of the debt we all owe to the work of 

Louis Pasteur. 


Rockets and Missiles. Bertha M. Parker. 
36p. 35¢. Row, Peterson and Company, 
1911 Ridge Ave., Evanston, Ill. 1961. 

A Row, Peterson “Unitext” written for the 

junior high school level giving a thorough 

treatment of the scientific principles involved 
in rocketry. The different kinds of missiles 
and their uses are discussed. Well-illustrated 
diagrams help to clarify the written material. 
A worthwhile publication. 


Look, Listen, and Learn. 24p. $2. per 100 
copies. Coronet Films, Coronet Building, 
65 East South Water St., Chicago 1, IIl. 
1961. 

Answers many questions concerning use of 

films. Lists items calling for alertness before, 

during, and after viewing films. Also covers 
special techniques such as slow motion, 
time-lapse photography, pictures taken 
through either microscopes or telescopes, 
and animation. Handy, condensed version of 
some audio-visual texts. Would be useful in 
preparing classes for viewing science films. 

If school science club has projectionist sec- 

tion, book would prove a useful aid. 


Satellites and Space Travel. Bertha M. 
Parker. 36p. 35¢. Row, Peterson and 
Company, 1911 Ridge Ave., Evanston, 
Ill. 1961. 

A Row, Peterson “Unitext” written for the 
junior high school level. An excellent source 
of information. Topics discussed are space, 
satellites, escape velocity, barriers to space 
travel, Project Mercury, spaceship of the 
future, space stations, and space flight to the 
moon. Well illustrated and highly recom- 
mended. 


The Mound Builders. William E. Scheele. 
62p. $2.50. The World Publishing Com- 
pany, 2231 West 110th St., Cleveland 2, 
Ohio. 1960. 

The story of the Hopewell Indians as re- 
vealed by their mounds located in the Ohio 
River valley. These prehistoric mounds con- 
tain a wealth of information about the early 
inhabitants of this region. Contains many 
pages of illustrations and diagrams. Good 
for earth science or social studies on the 
elementary and early junior high level. 


Science Puzzler. Martin Gardner. 128p. $2. 
The Viking Press, 625 Madison Ave., New 
York 22, N. Y. 1960. 

Contains over 100 experiments which can 

be done with materials found in the home. 

An excellent source of party stunts. The 

experiments, in addition to being entertain- 

ing, also teach something of importance 
about science. Some of the experiments 


would be useful in stimulating interest in 
the classroom about the scientific principle 
on which they are based. Experiments cover 
areas of astronomy, chemistry, physiology, 
psychology, general mathematics, topology, 
probability, geometry, numbers, light, grav- 
ity, static electricity, mechanics, air, hy- 
draulics, heat, sound, and inertia. 


Integrated Principles of Zoology. Second 
Edition. Cleveland P. Hickman. 972p. 
$7.75. The C. V. Mosby Company, 3207 
Washington Blvd., St. Louis 3, Mo. 1961. 

A complete zoology textbook which is 
divided into six parts. Part I concerns the 
functional organization of animals. Part II 
treats the various phyla of the animal 
kingdom progressing from the simple to the 
complex. Part III treats the organ systems 
in related groups. Vertebrate and inverte- 
brate structures are covered. Part IV, the 
Origin and Relationship of Animals, covers 
the continuity of life as is revealed by the 
study of development, heredity, and evolu- 
tion. Part V presents the adaptive and en- 
vironmental relations of organisms. This 
includes biotic factors, ecological succession, 
food cycles, the distribution of animals, un- 
usual and interesting adaptations, and be- 
havior patterns. Part VI lists chronologically 
the basic concepts, key discoveries, and 
books that influenced the development of 
zoology from the time of Aristotle to the 
present. 


informative, well- 
written introduction 
to biochemistry” 


—Scientifie American 


by Robert Warner Chambers 
and Alma Smith Payne 


Illus. by Lilli Mautner 


“Major areas within the 
field are described, impli- 
cations for medicine and 
industry are discussed, 
and historical debts are 
acknowledged in clear and 
responsible prose which 
commands respect and in- 
vites interest.” — Saturday Review 
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PROFESSIONAL 


READING 


“The Problem of Sciences and _ the 

. Humanities.” By Harold G. Cassidy. Journal 
of Chemical Education, 38:441. September 
1961. A prescription for improving com- 
munications between and among scientists 
and humanists is given in this national 
Sigma Xi lecture. Two new diagrams attempt 
to find the relationship among the arts and 
sciences. Differences and similarities in com- 
munications and functions are presented in a 
lucid analysis of the two cultures which 
must intermesh for responsible opinions and 

actions to be spawned. 

“Preschool Physics.” By Frieda A. Stahl. 
American Journal of Physics, 29:579. 
September 1961. “. . . to lead the children 
into a cooperative investigation of various 
aspects of their environment, in which 
simple demonstration experiments would be 
performed with the children themselves 
participating.” This was the objective that 
author Stahl set for herself when she set out 
to develop physical science activities for 
nursery school. At the time the article was 
written lessons had been developed in light, 
sound, electricity, magnetism, and the states 
of matter. The article explains the pitfalls 
and the success that this program met dur- 
ing its development. 


“The Living Cell.” Scientific American, 
205:250. September 1961. A series of ten 
articles explore the functions and features 
of the cell. The materials in this issue were 
prepared by fourteen  scientists—authors 
from throughout the world who have com- 
bined their talents and experience to present 
the most recent information on the funda- 
mental unit of organisms. This entire issue 
will be a valuable resource for high school 
biology teachers. Students and teachers with 
special interests will find stimulation, on- 
going new ideas and information, and a 
wealth of illustrative materials. 

“A New Look at Math.” The Lamp, 
Standard Oil Company of New Jersey, 30 
Rockefeller Plaza, New York 20, N. Y. 
43:16. Summer 1961. “Not only physics but 
every science depends on the language of 
mathematics.” This statement by Jane 
Werner Watson in her book, The World of 
Science, characterizes a project under way 
since 1958 at The John Hopkins University, 
Baltimore, Maryland. This article explains 
how the University developed an in-service 
institute for teachers to bring about 
. . ‘marrying’ math and the physical sci- 
ences . . .” The reactions of some of the 
persons who attended the institute are given 
as well as some of the results being achieved 
at the classroom level. 

“Modern Junior High School Science: A 
Recommended Sequence of Courses.” By 
Abraham S. Fischler. 128p. 1961. This 


monograph develops a sequence of science 
courses for our junior high schools and the 
reasons behind the selections. One of the 
unique features of the entire program is that 
it is based upon an awareness that ele- 
mentary school science has been making 
rapid strides, and has influenced the teach- 
ing in our 7-9 programs. Another factor that 
was taken into account in the study is that 
many school systems are based on an 8-4 
system rather than a 6-3-3 basis. The pro- 
gram presented in this publication can be 
adopted to either school make-up. In addi- 
tion to content and organization for grades 
7-9, the book covers topics such as facilities 
and equipment, plus evaluation and guid- 
ance. $2. Bureau of Publications, Teachers 
College, Columbia University, New York 
City. 

“How to Attract More Girls to High 
School Physics.” By Katherine Way, Mary 
E. Warge, and Mary Louise Robbins. 
Physics Today, 14:30. September 1961. A 
stiffer set of standards in science than in 
other subjects, the engineering aspects of 
physics, the shock of poor marks, and not 
enough adequately trained physics teachers 
are among the factors which keep girls out 
of high school physics. Introducing science 
at a grade level earlier than is now common 
would assist in attracting more girls to 
physics. Also, physicists and other scientists 
can positively influence the community’s 
thinking about science through public 
speaking. 


NASSAU WEATHER DIALS 


Wind Direction 


Relative Humidity 
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Barometric Pressure 


Temperature 


wind 


FOR SCIENCE TEACHING 
AND SCHOOL DISPLAY 


The Nassau Weather Dials are the essential teaching instruments in science 
courses and/or meteorology, and weather indicators of general student and 
community interest. The 5 dials, actuated by outdoor sensors, show indoors 
speed and wind direction, barometric pressure, temperature, relative 
humidity. Each dial face measures 4” in diameter—each case has a 54%” 
mounting flange for easy fixing to wall or flat surface. The temperature unit 
will indicate recent maximum and minimum temperattires at the touch of a 
button, as well as the current reading. 

Wind instruments employ a 7-conductor, low voltage cable to connect 
anemometer and wind vane on roof to indoor indicators. Temperature and 
humidity units are exposed outdoors in special shields and connected by 
5-conductor cables to indoor indicators. Instruments may be remoted as far 


as 200 ft. from indicators. Further distances with special factory calibration. 
Barometer is self-contained and requires no outside connection. 
All instruments except the barometer will operate on 115v. electric 


current. ON-OFF switc 


ture and humidity sensors. 


provided for intermittent operation. 
Instruments are complete with all accessories, ready for operation. 60’ 
cable provided, as well as mast for wind instruments and shields of tempera- 


Cases available in brass finish or polished chrome. 
#410 WIND SPEED SYSTEM 
#310 ANEROID BAROMETER 
#411 WIND DIRECTION SYSTEM 
#146 REMOTE TEMPERATURE SYSTEM 
#218 REMOTE HUMIDITY SYSTEM 


$ 64.50 
$ 49.50 
$ 84.50 
$ 150.00 
$150.00 


P. O. Box 216 


SCIENCE ASSOCIATES, 
194 Nassau Street 


Ine. 
Princeton, N. J. 


Write for complete catalog of weather instruments and teaching aids. 
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AUDIO-VISUAL 


Light for Beginners. This excellent film 
will introduce very young children to some 
of the basic properties of light. Illustrates 
simply, the differences between sunlight and 
artificial light. Explains how light produces 
shadows and how it travels in a straight line, 
for all practical purposes, and how light can 
be reflected and refracted. A young girl, her 
family, and their pets serve as characters in 
a story which dramatizes important concepts 
of light. The topic is well organized and 
leads the viewer into a review without 
formality. Recommended for kindergarten 
through grade 3. 11 min. Color $110, B&W 
$60. 1960. Coronet Instructional Films, 
Coronet Building, 65 East South Water St., 
Chicago 1, Ill. 


A Community Keeps Healthy. Film em- 
phasizes the tremendous task that faces a 
community in keeping its people healthy. 
Covers such subjects as milk, fruit, vege- 
tables, canned and packaged foods, water 
supply, and pure air. Points out the govern- 
mental agencies attempting to watch over 
and to keep people healthy. Stresses the fact 
that provisions for maintaining good health 
are the responsibility of all citizens and can- 
not be accomplished by agencies alone. 
Recommended for science and health classes 
in early elementary grades. 11 min. Color 
$110, B&W $60. 1961. Film Associates of 
California, 11014 Santa Monica Blvd., Los 
Angeles 25, Calif. 


The Clothes We Wear. Film discusses the 
various fibers that are used in clothing. 
Illustrates the manufacturing of clothing 
from wool, cotton, silk and flax and explains 
their warmth-giving properties. Develops an 
appreciation for the abundance as well as 
the value of the clothes we wear. Recom- 
mended for elementary science, grades 2-6. 
11 min. Color $110, B&W $60. 1960. 
Churchill-Wexler Film Productions, 801 
North Seward St., Los Angeles 38, Calif. 


Prove It with a Magnifying Glass. Shows 
a small boy exploring various objects in his 
environment with a magnifying glass. Ob- 
servations are made of cloth, a grasshopper, 
a feather, a rock, the bark of a tree, a moth, 
a newspaper picture, a soap bubble, and the 
ridges on the skin of the fingers. The film 
points out that when things are magnified 
they look different and are easier to study. 
The lens of the magnifying glass is com- 
pared to lenses found in microscopes and 
telescopes. For primary and middle ele- 
mentary grades. 11 min. Color $110, B&W 
$60. 1961. Film Associates of California, 
11014 Santa Monica Blvd., Los Angeles 25, 
Calif. 


Foothold on Antarctica. This British-made 
film is a record of the journey preliminary 
to the Trans-Antarctic Expedition led by 
Sir Vivian Fuchs and Sir Edmund Hillary. 
The advanced party starts out to establish a 
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base, Shackleton, at the Weddell Sea. The 
thrilling journey was made in the Canadian 
sealing vessel, Theron, across the ice pack. 
For junior or senior high school. 20 min. 
Color $150. 1960. Contemporary Films, Inc., 
267 West 25th St., New York 1, N. Y. 


Electricity, Principles of Safety. Begins 
with a discussion of safety features by 
illustrating the various ways a circuit can be 
broken through faulty wiring and by open 
switches. The film uses the everyday ex- 
amples of a young boy’s experiences as he 
looks at appliances which are energized by 
an electric current. Proceeds to describe the 
correct and incorrect method of using vari- 
ous examples of electrical apparatus and 
circuitry. Recommended for intermediate 
grade science classes. 11 min. B&W $60. 
1961. Coronet Films, Coronet Building, 65 
East South Water St., Chicago 1, IIl. 


We Use Power. The various forms of 
power covered are: wind, water, steam, and 
electricity. The power of burning gases in 
gasoline, diesel, and jet engines is illustrated 
to show how they are controlled to help man. 
The students explore the various forms of 
power through simple experiments such as 
making an electromagnet, a simple steam 
turbine, and a simple motor. Recommended 
for grades 3-7. 11 min. Color $110, B&W 
$60. 1960. Churchill-Wexler Film Produc- 
tions, 801 North Seward St., Los Angeles 38, 
Calif. 
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The Graf-Apsco Microscope Model 
GB2A. This microscope, acceptable for 
purchase under the NDEA program has all 
the features of a well-engineered, durable, 
all metal instrument, desirable for use in 
high school laboratory work. It incorporates 
effective focusing adjustments that are 
smoothly operated and provide excellent 
resolution. The stand is well balanced, full 
standard size. The base extends beyond the 
stage and objective which protects stage and 
objective lenses. The coarse and fine adjust- 
ment are rack and pinion and are located on 
both sides of the arm. A focusing safety 
stop is incorporated on coarse adjustment 
but this does not eliminate danger of slide 
breakage on high power. The tube is vertical. 
The nosepiece is of a double revolving dust- 
proof type that locks in place. Nosepiece is 
equipped with 10X (0.27NA) and 44X 
(0.66NA) achromatically correct objectives, 
mounted permanently, parfocal and cen- 
tered. The eyepiece is a removable i0X 
Huygenian type. The stage is standard size 
and equipped with slide clips. An aperture 
disc diaphragm with five openings is pro- 
vided. A single concave adjustable mirror or 
attached illuminator is provided at the same 
price. This microscope is priced competi- 
tively with others in its class. $117 each; 
$105.03 (5 or more). The Graf-Apsco Com- 
pany, 5868 Broadway, Chicago 40, IIl. 


HERE AT LAST! 


A Seffesiof 4 sound filmstrip studies — 
in color, 

Prepared by, leading Oceanographers and 
— School Science Educators to stimu- 
ate interest in this field of growing im- 


& 


ortance. 
—mCONTENT= 


STUDY OF LIQUID SPACE” 
introduction to Oceanography 
frames — 10 minute recording. 

Part 2. 

‘THE WORLD OF WATER” 
1 frames — 16 minute recording. 


‘art 3. 

UNDER THE WAVES” 

WS frames — 16 minute recording with 
narration, music and sound of ocean life, 
retorded by scientific underwater equip- 
ment. 


Port 4. 

“MAN AND WATER” 

BS frames — 16 minute recording. 


ANARRATION® 


@ Dr. Roger Revell, Director, Scripps 
Institution of Oceanography. 

@ Dr. Eugene La Fond, Chief, Physical 
Oceanography Section, Navy Electronics 
Laboratory. 

@ Dr. A. B. Rechnitzer, 

Project Head Bathyscaph Program. 

@ David Brown, Chief Curator, 
Marineland of the Pacific. 

@ Owen Lee, 

Navy Research Oceanographer. 


283 frames of outstanding underwater 
photography by Scripps, Navy and 
nationally renowned SCUBA divers, plus 
authoritative maps and illustrations skill- 
fully executed. 


$30.00 per set includes — 


@ 4 Filmstrips in plastic containers 

@ Two double-sided 33% RPM Records 
with signal tones 

@ Teacher's Guide* 

@ Packaged in fibre shipping case. 


s 
FOR | pet 
FURTHER Guid® of 
INFORMATION nits 
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COLE AVE, 
Los Angeles 38, Calif. 
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Now it is possible to demonstrate electromagnetic phenomena, 
determine the velocity of radio waves, reflection, refraction, polariza- 
tion, diffraction, interference experiments, directly from their light- 
wave analogies. 

With microwaves, the student sees directly the correlation be- 
tween light wave phenomena and electromagnetic radiation in a 
clear, concise way heretofore impossible. 

This new demonstration unit is the result of long experience and 
testing in the microwave field. The complete microwave transmitter 
and receiver set includes the following components: Power Supply, 
Meter, Audio and Signal Indicators, Amplifier, Microwave Source, 
Frequency Meter, Variable Attenuator, Standing Wave Indicator, 
Horns, Reflectors, Polarization Gratings, Detectors, Instructor’s 
Manual, Electromagnetic Radiation Chart, and attractive Carrying 
and Storage Case. 

For the first time in classroom and laboratory, it will be possible 
to demonstrate optics and waves using conventional techniques and 


Electromagnetic 
Demonstration 
Unit 
—with Sound! 


New, Unique, Important Addi- 
tion to Your Physical Science 
' Course—Complete with Instruc- 
tor’s Manual of Suggested Ex- 
periments and 40 x 55 in. Elec- 
tromagnetic Radiation Chart 


then to demonstrate the same phenomena visibly and in a readily 
understood manner using the microwaves. The transition from light 
waves for which the student has an intimate familiarity and radio 
waves is at once complete and easily understood. 

The instructor’s manual is designed to fit existing courses but 
also provides for a logical extension of courses now being taught in 
secondary schools and even at the university level. It makes it much 
simpler for the student to grasp the basic concepts of electromag- 
netic radiation and also, to allow for advanced work in electromag- 
netic techniques and microwaves. The Manual contains complete 
instructions for 36 experiments. 

Use of the accompanying Chart of Electromagetic Radiation, and 
the many diagrams included in the manual will insure obtaining 
the full potential of this educational instrument. 


No. 65-1100 Electromagnetic Dem. Unit ........$385.00 


(Complete with Instructor’s Manual, 40 x 55 in. Chart and Accessories) 


i hing Tools of Scien i 4 
C A M B 0 C 0 $C E N T F C C 0 es N C 37 Reston 35, Mass. 


3 Telescopes for Space-Age Teaching 4 


motion with the aid of their 4-inch UNITRON. 


In this space age, astronomy is ‘egaining 
its rightful place in the school curriculum. 4g” altazimuth Refractor 
But your students deserve more than 2.4” Equatorial Refractor 


an opportunity to just read about the 3” Altazimuth Refractor 
UNIVERSE — let them see for themselves 3” Equatorial Refractor 
the moons of Jupiter, the rings of Saturn, 4” Altazimuth Refractor 
the craters of the Moon, and the many 4” Equatorial Models ..... 


other celestial wonders. 6” Equatorial Models 


UNITRON telescopes are America’s larg- GET UNITRON’S FREE 50-PAGE OBSERVER’S 


est selling refractors. They offer profes- 

sional quality at prices well within the GUIDE and CATALOG .. 
reach of school budgets. UNITRON Re- “ntents include — 
fractors are portable, easy to operate and, 
unlike other types, require no mainten- ‘ 

ance. Take advantage of yourNDEA funds —*_“onstellation map 

to invest in a UNITRON —the telescope  ° Hints for observers 

with the proven reputation; the choice of  * Glossary of telescope terms 
leading schools and universities. ¢ How to choose a telescope 


Students at Texas College of Arts and Industries find it easy to visualize problems in equatorial 


UNITRON’S 2.4” Altazimuth Refractor 
is a typical value... 


16 UNITRON Models to Choose from ...including Complete with Altazimuth Mounting and slow motion controls 


for both altitude and azimuth; tripod; 5X-16mm. viewfinder; 
rack and pinion tocusing; 4 eyepieces and Achromatic Ampli- 
fier to double eyepiece powers giving magnification range of 
35-200X; UNIHEX Rotary Eyepiece Selector; $125 
sunglass; cabinet; and instructions. 


UN/TRON 


INSTRUMENT COMPANY + TELESCOPE SALES DIV. 
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS. 


UNITRO Please rush to me, FREE of charge, UNITRON'S 

CBSERVER'S GUIDE and TELESCOPE CATALOG 8-W 
| Name | 
| Street | 


State 
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Biocraft Biology Microscope E2. A mod- 
erately priced student microscope. Desirable 
features of this microscope are: Coarse ad- 
justment mechanism completely separate 
from the fine adjustment mechanism; eye- 
piece removable but tightly held, not likely 
to fall out; adjustable stop device makes in- 
strument student-proof; wide fine adjustment 
range (12 revolutions); aperture disc dia- 
phragm light control with six apertures (1 
mm—15 mm diameter); revolving nosepiece 
secured by effective friction grip; microscope 
virtually completely parfocal; and numerical 
apertures (10X, 0.30NA and 45X 0.85NA). 
Total height of microscope may be excessive 
for shorter students. Comes equipped with 
plano concave mirror, illuminator optional; 
also heavy plastic dust cover with weighted 
base. Consideration may be given this micro- 
scope when thinking of purchasing new 
microscopes for high school use. $118 each; 
$106.20 (5S or more). 1961. Denoyer- 
Geppert Company, 5235 Ravenswood Ave., 
Chicago 40, II. 


Lab-Volt Power Stations: 1. Model 189, 
2 amp. Recessed. A rugged, well-constructed 
source of electrical current designed for 
permanent installation in the science labo- 
ratory or instructors table. This power unit 
will give a smooth and continuously variable 
output voltage from 0 to 12 volts, either AC 
or DC and operates from 120-volt AC. The 
front panel which fits flush with the side of 
the table is 854 x 4 inches and provides jacks 
and cords in coded colors, reset circuit 
breaker, one amp slo-blo fuse, a pilot light 
to indicate when the unit is energized, key 
control on and off switch, and a control knob 
for’ adjusting the voltage output. This unit 
is well ventilated and housed in heavy gauge 
metal. 

2. Model 187P, 2 amp. Table Top. This 
is a portable model providing exactly the 
same service and having all the features con- 


® 


tained in Model 189. The unit is rigidly con- 
structed and housed in a heavy gauge metal 
case, properly ventilated. The unit is 5% x 
6 x 6% inches, provided with a carrying 
handle and weighs just 912 pounds. This 
model will find extensive use in many 
schools. 

Both units approved by Underwriters’ 
Laboratory. Either unit $79. 1961. Buck 
Engineering Co., Inc., 37 Marcy St., Free- 
hold, N. J. 


Lab-Volt Power Stations: 1. Model 191, 
10 amp. Recessed. A rugged, well-engineered 
source of electrical current designed for 
permanent installation in the high school 
science laboratory tables or instructors table. 
This device will give a smooth and con- 
tinuously variable output voltage with “A” 
and “B” ranges in both AC and DC. On DC 
—‘“A” range 0 to 15 volt with 5 amp; “B” 
range 0 to 6 volt with 10 amp. All operate 
from a 120-volt AC. Service to all individual 
units may be cut off by a single master 
switch. A lock type switch on the front panel 
permits instructor control of the unit. The 
attractive front panel is 13 x 5% inches. 
It provides outlets and cords for the low 
voltage AC and DC current, a control knob 
for adjusting the voltage output, range reset 
circuit breakers, range selector switch, and 
a 3.2-amp slo-blo fuse. Color-coded jacks, 
power cords 15 inches long (3 conductor) in 
colors makes the unit just about 100 per cent 
foolproof. 

2. Model 190P, 10 amp. Table Top. A 
portable model providing exactly the same 
service and having all the features contained 
on Model 191. This unit is rigidly con- 
structed and housed in a heavy gauge metal 
case, properly ventilated, 10 x 8 x 6% 
inches. This unit is provided with a carrying 
handle and weighs just 15 pounds. In some 
schools, this portable unit will be more 
satisfactory than the table mounted unit. 


Stereoscopic and Widefield Microscope 


Can Be Your Greatest Classroom Help 


Swift. Stereoscopic and Widefield Microscope is truly an outstand- 
ing instrument for classroom use. Deep, erect, three-dimensional 
image that is right-side-up gives the added advantage of no 
inverted image. Long working distance with splendid field of 
view !0mm at 20 power. Can be elevated to examine large 
Botanical specimens, or used over a culture dish. The stage is 
large and very useful. This Swift model is a must for every 


Science classroom. 


Model SBW-1, vertical binocular body with interpupillary 
adjustment and diopter adjusting scale on right eyepiece tube, 
to correct for any difference between operator's eyes. Built in 
2x objective, Widefield eyepieces 10x, 15x; power range 20x-30x. 
All optics are Swift Rubycoated to obtain best possible reso- 
lution. Stable, well-balanced stand with opaque center plate 
which is removable; large, durable stage clips. Instrument can 
be elevated on standard. Modern sand finish. Complete in 


wooden cabinet with lock and key. 


Only {QQ in lots of 


5 or more 


42200 each. 


SWIFT INSTRUMENTS, Inc. 
N. FOURTH STREET © SAN JOSE, CALIFORNIA 
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NOTHING 
SUCCEEDS 


. .. and the teaching of high school phys- 
ics with the aid of these 16mm-sound 
films is now recognized as a solid 
success. 

In a congratulatory message to PSSC 
founder Jerrold Zacharias, President 
Kennedy said, “The products of your 
work have already started a revolution in 
science teaching in the United States.” 

The number of teachers using PSSC 
Physics Films has more than doubled 
from the 1959-60 school year. The num- 
ber of orders received for the coming 
year shows the same remarkable 
increase. 

This noteworthy success represents 
quick recognition by science teachers of 
the effectiveness of PSSC Films in in- 
troducing new topics, enriching course 
material and showing difficult experi- 
ments. These physics films make it pos- 
sible for you to show the experiments 
that must be done with materials too 
small, too large, too remote, too com- 
plicated or too expensive for the school 
laboratory. 

PSSC Films are also recognized for 
their ability to supplement lecture and 
textbook in a way that stimulates the 
student’s natural curiosity and guides 
him toward a sound understanding of 
basic principles. 

These films correlate readily with 
whatever physics text you are now using, 
and you may select any number of them. 
They may be obtained from Modern 
Learning Aids, their official distributor, 
in any one of three ways: purchased with 
NDEA funds, used on a subscription 
basis or acquired on a lease-to-buy ar- 
rangement. MLA’s nationwide network 
of 30 film libraries insures prompt and 
dependable delivery. 

For the success of the physics courses 
in your school this fall, order now. De- 
scriptive folder, correlation sheets and 
order blanks available on request. 


MODERN LEARNING AIDS 


A Division of 
Modern Talking Picture Service 
3 East 54th Street, New York 22, N. Y. 
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teacher 
eat 
pples... 


... but it does introduce a new dimension 
to the teaching of science and mathematics 


Minivac 


This teacher is MINIVAC 601, an electronic digital 
computer simulator designed to introduce students 
to the fascinating world of machines that think. 


MINIVAC 601 is a real digital computer ... a small 
brother to the giant electronic brains that are pre- 
dicting elections and putting man into space. It can 
perform the basic operations of large computers. It 
can learn, remember, calculate, solve logical prob- 
lems and make decisions. But most important, it can 
illustrate how complex computer systems perform 
these same functions, and indicate the potentialities 
and limitations of intelligent machines. Developed 
as a private project by Dr. Claude E. Shannon, now 
Donner Professor of Science at the Massachusetts 
Institute of Technology, MINIVAC simulates com- 
puter applications in business, science, politics, and 
the military. It demonstrates how computers read 
printed material, provide automatic control and feed- 
back, and duplicate many attributes of intelligent 


behavior. It can recognize geometric forms, learn to 
solve simple mazes, and translate German sentences 
into English. It will even play tic tac toe and never 
lose (although it may settle for a tie occasionally). 


Previous knowledge of mathematics or electronics 
is not needed to use MINIVAC. Six comprehensive 
manuals accompanying the computer guide the 
MINIVAC student in his discovery of machines that 
think. $8500 


SCIENTIFIC DEVELOPMENT CORPORATION 


372 MAIN STREET, WATERTOWN, MASS. 


Scientific Development Corporation 
Educational Products Department 
372 Main Street, Watertown, Mass. 


Gentlemen: 


Please | [J MINIVAC 601 Check or money order enclosed. 
send (J MINIVAC 601 C.0.D. 
me C] complete literature on MINIVAC 601. 


re 
= 
| 
he 


Both units approved by Underwriters’ 
Laboratory. Either unit $139. 1961. Buck 
Engineering Company, Inc., 37 Marcy St., 
Freehold, N. J. 


Lab-Volt Companion Line Meters. An 
excellent array of four meters and one 
galvanometer that will serve between 90 
and 100 per cent of the requirements for 
meters in any science laboratory. Meters con- 
tain a 3% x 3% inches white dial with black 
scales and figures and a vertical sweep 
pointer covered by plexoglass. DC meters use 
black and red multiple type terminals and 
the AC meters are fitted with well marked 
yellow terminals of the same type. Each 
single or multiple circuit on each meter is 
fitted with an appropriate replaceable fuse. 
All meters are encased in steel including the 
front upon which circuits are diagrammed 
and numbered. When testing these meters all 
were found to operate very accurately within 
the specified ranges. All the meters are 7 x 5 
x 5 inches. Meters are as follows: Model 
410, AC Voltmeter. Three ranges—O to 5 
volt; 0 to 25 volt or 0 to 125 volt. Necessary 
resistance for each of the ranges are con- 
tained in the meter. The four terminals are 
yellow and plainly labeled. The meter con- 
tains one fuse which serves the three ranges. 
$36. Model 420, AC Ammeter. Two ranges 
—0 to 2.0 amp or 0 to 10 amp. There are 
three yellow colored terminals for the two 
circuits and a separate fuse for each of the 
two ranges. $42. Model 430, DC Voltmeter 
with three ranges: 0 to 5 volt; 0 to 50 volt 
and 0 to 500 volt. One fuse is provided for 
all ranges. The meter contains three red (+) 
terminals and one black (—) terminal. $36. 
Model 440, DC Ammeter. Three ranges: 0 
to 0.1 amp; 0 to 1.0 amp; and 0 to 10 amp. 
The meter contains three red (+) terminals 
and one black (—) terminal with a separate 
appropriate fuse on each of the three cir- 
cuits. $42. Model 450, DC Galvanometer. 


Two ranges: 5-0-5 and 500-0-500. The in- 
strument contains separate red and black 
terminals for each circuit, with one common 
fuse and a common push type switch to acti- 
vate the galvanometer. $42. 1961. Buck 
Engineering Company, Inc., 37 Marcy St., 
Freehold, N. J. 


Lab-Volt Powermaster, Multi-purpose 
Panel No. 204B. A compact assemblage of 
six power supplies, collectively capable of 
supplying both fixed and variable alternating 
and direct current outputs. Mounted on the 
panel are four multi-range meters for meas- 
uring both AC and DC voltage and amper- 
age. Panel may be mounted in wall as 
permanent mount or may be used as port- 
able model in suitable mounting. All meter 
and output circuits are completely fused to 
safeguard against damage due to overload- 
ing, thus making it well suited for student 
use. Service includes the following: Fixed 
AC voltage supply, 120 volts 10 amps; 
Variable AC voltage supply, 0-130 volts 
AC-5 amps; Variable DC voltage supply, 
0-115 volts DC-5 amps (unfiltered); Vari- 
able DC voltage supply, 0-115 volts DC-2 
amps (filtered) 2 per cent ripple; Variable 
high voltage DC supply, 0-300 volts DC- 
100 ma (filtered) with 0.4 per cent 
ripple; Variable DC transistor and bias volt- 
age supply, 0-20 volts DC-50 ma (filtered) 
0.5 per cent ripple; AC filaments and AC 
rectifier filament supplies fixed voltages of 
1.5, 6.3, and 12.6 volts 3 amps maximum 
fixed voltage of 5.0 volts 3 amps. This 
versatile power supply should meet all of the 
electrical source requirements of the school 
laboratory, for it is capable of supplying the 
voltage and amperage necessary for oper- 
ation of all common laboratory equipment 
including magnetic, electron tube, and 
transistor circuitry. $590. 1961. Buck Engi- 
neering Company, Inc., 37-41 Marcy St., 
Freehold, N. J. 


THE STORY OF ROCKS 


This specimen chart dramatizes 
and explains the formation and 
geological change of igneous, 
sedimentary, and metamorphic 
rocks. 


Mounted specimens of minerals, 
rocks, ores, petrified wood and 
fossils combine with an imagi- 


Order from 
EATON SCIENTIFIC CORPORATION 
119 S. Rosemead Blvd., Pasadena, California 


native pictorial technique to 
present a broad view of geolog- 
ical history. A teaching guide 
provides comprehensive back- 
ground material. The chart is 
built into a protective box that 
simplifies display and storage. 


¢ Printed in color 
¢ Size—24 x 18 inches 
¢ Price—$11.95 plus postage. 
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THIS TUBING 
CAN SAVE YOU 


MONEY 


This special CorRNING® flint glass 
tubing and rod give you ease of 
forming, strength, and topflight trans- 
parency. They are priced up to 50% 
lower than PyreEx® tubing and rod. 
They are available immediately. 

We developed CorninGc brand 
0088 flint glass just for the making 
of low-temperature-service tubing 
and rod. In uses near room tempera- 
ture, it resists chemicals almost as 
well as Pyrex brand glasses. 

A Statistical profile: coefficient of 
expansion, 92 x 10-’; softening point, 
700°C.; annealing point, 521°C.; 
strain point, 480°C. 

We put this glass into apparatus 
tubing with outer diameters which 
range from 3 to 51 mm, in capillary 
and barometer tubing with inner di- 
ameters from 0.5 to 4 mm, and in 
rod with diameters from 3 to 12 mm. 
All are furnished in 48-inch lengths. 

_ You can get any type in any quan- 
tity, quickly. For information on our 
entire tubing and rod line, write for 
Bulletin TBG-88. 

i CORNING GLASS WORKS 

¥ 4 7712 Crystal St., Corning, N. Y. 

CORNING MEANS RESEARCH IN GLASS 
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FOR PSSC PHYSICS—FOR CONVENTIONAL PHYSICS 


PHYSIG 


APPARATUS 


DESIGNED BY EXPERIENCED PHYSICS TEACHERS 


New LINCO Physics Apparatus is pre-assembled to 100,000 units of LINCO Apparatus have been used in 


T.M. 
Model 4200 — Optical Micrometer | 


Model 4200 — Range Finder 


‘save valuable classroom time and is designed to with- more than 1,000 schools. 

stand rugged and repeated use by large numbers of Individual experiment sheets accompany LINCO 
students. Preserved in the new design are the pedagog- Apparatus for schools that wish to enrich their current 
ical and operational features, the low cost and simplic- laboratory program but have not adopted the PSSC 


ity of the original LINCO Kits. Since 1958, over course. 


Priced at only $4.50, the Distance Measuring Instrument ( Model 4200 Above ) illustrates the low-cost of 
LINCO Physics Apparatus because: 


© Designed for multiple experiment use as a Split Image Range Finder, 
Parallax Viewer, and Optical Micrometer. 


@ Pre-assembled for easy use with permanently attached mirrors, mounts, 
sighting pins and scales for calibration. 


e Gives accurate, repeatable measurements to standardize performance on 
every experiment. 


The Distance Measuring Instrument is only one of 30 units in the new line of Linco Physics 
Apparatus. Write for fifty-page catalog. 


Battov Teaching Tough Modovw Techuology 
SCIENCE ELECTRONICS, INC. 


a subsidiary of GENERAL ELECTRONIC LABORATORIES, Inc. 
Cambridge, Massachusetts 


: 
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Volume 28; THE SCIENCE TEACHER 
Index—February through December 1961 


The annual index is an alphabetical listing of authors and titles interspersed. The individual 
articles are coded in bold face figures according to categories as listed at the bottom of 
each page. Reports of Association activities are listed separately in alphabetical order. 


Accelerated and Enriched Biology 
Course, The. Arthur H. Ulrich. Feb- 
ruary: 35. (1) (7) 

Activities in Astronomy. Arthur G. 
Suhr. May: 28. (4) (7) 

Agricultural Meteorology—The New 
Science Team. Donald P. Springer. 
March: 6. (6) 

Annis, Martin; Walters, John; and 
Williams, Edwin C., Jr. Distance 
Measurement by Wave Interference 
in a Ripple Tank. October: 26. 
(7) 

A-OKAY Tribute to Freedom 7. Alan 
B. Shepard, Jr. May: 25. (6) 

Approach to Science Film Evaluation, 
An. Richard Gilkey. February: 25. 
(6) (7) 

Aronson, John N. Protein Structure. 
September: 41. (Classroom Ideas). 
(4) 

Arseneau, Flavin J. Science Research 
in the High School. September: 32. 
(1) (7) 

Atomic Arrangement in Solids. May- 
nard P. Bauleke. October: 54. 
(Classroom Ideas). (4) 

Avis, Frederick R. and Pliscz, Anna. 
Investigations of Liver and Kidney. 
March: 14. (7) 

Baarson, Paul Steven. Tornado Study. 
February: 53. (Classroom Ideas). 
(4) 

Bacteriology Course. David L. Fagle. 
November: 24. (1) (4) 


Baker, Jeffrey J. W. and Lee, Addi- 
son E. Teaching Three Dimensions 
in Biology. February: 6. (1) (7) 

Bauleke, Maynard P. Atomic Arrange- 
ment in Solids. October: 54. (Class- 
room Ideas). (4) 


Baumel, Howard B. and Berger, J. 
Joel. Developing Concepts in High 
School Chemistry. February: 15. 
(1) (7) 


(1) Curriculum, course content, organization. (2) 
Professional preparation of teachers. (3) Elemen- 
tary school science. (4) Projects and activities for 
students. (5) History, Philosophy, objectives. (6) 
Science information for teachers. (7) Instruction— 
facilities, materials, methods, evaluation. (8) Re- 
search in science teaching. 
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Berger, J. Joel and Baumel, Howard 
B. Developing Concepts in High 
School Chemistry. February: 15. 
(1) (7) 

Bernatowicz, Albert J. Science and 
Western Civilization. December: 14. 
(5) 

Biology Laboratory Instruction Inno- 
vation. Addison E. Lee. October: 
46. (1) 

Challenge of Inner Space, The. Feenan 
D. Jennings. April: 6. (6) 


Chemistry in Electronics. Kenneth L. 
Rohrer. December: 20. (4) (6) 


Color Mixing on the Overhead Pro- 
jector. Paul Reber. November: 43. 
(Classroom Ideas). (4) 


Conductivity Apparatus. Richard L. 
Hutchens. March: 37. (Classroom 
Ideas). (4) 

Conservation of Energy—An Experi- 
mental Verification. Fred T. Preg- 
ger. November: 11. (4) (7) 


Coriolis Force. John Lyman. April: 
49. (Classroom Ideas). (4) 


Cousteau, Jacques-Yves. Essay Edi- 
tor, The Challenge of Inner Space. 
April: 5. (6) 


Creative Research with Planaria. Louis 
Panush. November: 20. (6) 


Criteria for Independent Study Proj- 
ects. Donald Wynant Huffmire. 
May: 32. (1) 


Crude Drug Media Effect on Fungi 
Cultivation. Arnold I. Miller. Sep- 
tember: 39. (Classroom Ideas). (4) 


Culture Media for Protozoa and Algae, 
No. 5. Ward’s Natural Science Es- 
tablishment, Inc. May: 27. (4) (7) 


Davis, Frederick B. Identification of 
the Intellectually Gifted. April: 45. 
(8) 

Decker, Donald G. NSTA Committee 


Report on the K-12 Science Pro- 
gram. October: 15. (1) (6) 


Developing Concepts in High School 
Chemistry. J. Joel Berger and 
Howard B. Baumel. February: 15. 
(1) (7) 


for SLIDE RULE INSTRUCTION 


A teaching guid: 


for side rule instruction 


L. 


7-ft. DEMONSTRATORS IN THREE MODELS 


Duplicating the Pickett Slide Rules approved for your 
classrooms, both 4-ft. and 7-ft. Demonstrators are avail- 
able FREE with qualifying orders. Choose from Trig, Log 
Log or Vector types: 7-ft. Demonstrator FREE with 24 or 
more N1010, N1011, any Log Log or all-metal pocket size 
Pickett Slide Rules; 4-ft Demonstrator FREE with 24 or 
more of any all-metal Pickett Slide Rules. 


A TEACHING GUIDE 


FREE to Educators. This 48-page Guide, by Dr. Maurice 
Hartung, is well illustrated and easy to understand. 
Twelve sections to follow in order, use selectively or to 
check current methods. 


See your Pickett supplier or write: 
All-American 


PICKETT SLIDE RULES, 
542 S. Dearborn St., Chicago 5, Illinois 


— 
. 


HUNDREDS OF 
INSTRUCTIVE 

LOW-PRICED 
“HIGH-QUALITY 
TEACHING AIDS 
"LISTED INOUR- 
NEW 96-PAGE. 


Low 
FREE with scope: 


“HOW TO 


EDUCATIONAL mirror. at low OF HEAVENS and an 
se YOUR TELESCO “metal pedestal moun: 


WRITE FOR 


0.8. Barrington, 


EDMUND SCIENTIFIC COMPANY 


BARRINGTON JERSEY 


GOULD SCIENTIFIC 


Now all new Planetarium dome for schoolroom showings of Stars, 
Constellations, Planets, Space Motions, etc. 


Eliminates the necessity of a complete dark room requirement for 
teaching purposes. Allows complete control of students’ attention 
while demonstrating and explaining the heavenly bodies. 


Lightweight, knockdown rugged construction, allows frequent assem- 
bly and storage, (complete with storage box, including all necessary 
hardware and guidewires for easy installation.) 


Send for NEW FREE Catalog 
**AMS”, showing world’s larg- 
est collection of mathematical 
and scientific graph stamps 
for teachers, students, engi- 
neers, etc. 


Includes games like 4th di- 
mensional TicTacToe, Hex, 
as well as stamps for Biology, 
Physics, Electronics, Chemis- 
try, Atomic structure and Nu- 
clear energy patterns. Every 
class should have this free 
catalog as a reference guide. 
Stamps and Stamp Pads are 
$3.00 each postpaid. 


“ICO-DOME”® 


“IC 0- 


/00M 


Planetarium dome can be assembjed in a few minutes by 
students. The Gould Scientific “]CO-Dome”® takes the 
form of half a sphere, approximately 8 feet in diameter, 
3% feet high. (half a Icosidodecahedron). 20 or more 
students plus the instructor can conveniently sit below the 
“ICO-Dome”® and view the Planetarium showing the 
stars and constellations, without having to darken the 
room. (For dramatic effects however, a completely dark 
room will rival a full grown planetarium and in your own 
classroom. We would suggest drawing the shades against 
bright sunlight.) 
The “ICO-Dome”® was first shown at the Regional 
NSTA meeting at Chappel Hill, Sept. 7, 8, 9th. Science 
Teachers and Supervisors were amazed at the clarity of 
the projection against the indoor illumination in the 
exhibit area. An ordinary Spitz model 3000 planetarium 
was used with excellent results. 
APPROVED FOR NDEA: ORDER TODAY for imme- 
diate delivery $49.95 complete. F.0.B. Wash., D.C. 
(about 40 Ibs.) 


GOULD SCIENTIFIC, P.O. Box 6743, Wash. 20, D.C. “ICO-Dome”’® 


REFLECTING TELESCOPE 
| i> 4 WONDERS OF THE HEAVENS 
4, NDEA Approved (ccssO #4110) 
this modern age of science,’ says Armand N. Spitz, Director, 
Spitz Laboratories, “more and more schools are turning their attention 
Xd toward the heavens.” with this 3” precision instrument your students 
- ' 7 will see the rings of Saturn, huge craters on the moon, fabulous star 
clusters, the moons of Jupiter, many other wonderful sights. Equatorial 
eis mount with lock on both axes. Aluminized and overcoated 3” high- 
4 Barlow Lens give 60 to 180 power. eocossO 
ane included. 
COPY TOD yD Reflecting Telescope—"P *° owe 
OF = 


Discovery of Lawrencium, Element 
103. Robert M. Latimer. Novem- 
ber: 6. (6) 


Distance Measurement by Wave Inter- 
ference in a Ripple Tank. Martin 
Annis, John Walters, and Edwin C. 
Williams, Jr. October: 26. (7) 


Doorways to Health Careers Through 
Biology. Israel Light and Julian A. 
Waller. September: 6. (6) 


Dushman, Sidney. Science in the Cur- 
riculum. March: 19. (1) 


Eichinger, Jack W., Jr. Teaching Mod- 
ern Atomic Structure. September: 
21. (7) 


Electric Forces. Brother Hugh Hag- 
gerty, C.S.C. April: 46. (Classroom 
Ideas). (4) 

Elmore, Clair W.; Keeslar, Oreon; and 
Parrish, Clyde E. Why Not Try the 
Problem Solving Approach? Decem- 
ber: 32. (2) 


Environmental Study in Biology, An. 
Thomas M. Haynes. April: 33. 
(4) 

European Science Teacher Study Tour, 
Part II. NSTA Committee Report. 
May: 21. (6) 


Evaluating Critical Thinking in Sci- 
ence. James J. Reilly. March: 34. 
(8) 


Fagle, David L. Bacteriology Course. 
November: 24. (1) (4) 


Federal Support for Education. Sep- 
tember: 13. (6) 


Finding the Creative. Calvin W. Tay- 
lor. December: 6. (6) 


First Revolving Block Periodic Table, 
The. Willard F. Reese and John 
S. Meek. April: 47. (Classroom 
Ideas). (4) 


Focacci, Henry J. and Huff, Theodore 
J. Science Unit on Rocks and Min- 
erals. March: 25. (1) (7) 


Fox, Fred W. Physics for European 
Secondary Schools. September: 15. 
(1) (5) 


Frankel, Edward. The Gifted Aca- 
demic Underachiever. February: 49. 


(8) 


Garrett, Alfred B. The New Chemis- 
try. April: 15. (1) 


(1) Curriculum, course content, organization. (2) 
Professional preparation of teachers. (3) Elemen- 
tary school science. (4) Projects and activities for 
students. (5) History, Philosophy, objectives. (6) 
Science information for teachers. (7) Instruction— 
facilities, materials, methods, evaluation. (8) Re- 
search in science teaching. 
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Gifted Academic Underachiever, The. 
Edward Frankel. February: 49. 
(8) 

Gilkey, Richard. An Approach to Sci- 


ence Film Evaluation. February: 
25. (6) (7) 


Haggerty, Brother Hugh, C.S.C. Elec- 
tric Forces. April: 46. (Classroom 
Ideas). (4) 


Hanson, Allen L. Physical Properties 
of Liquid Mixtures. February: 43. 
(4) 

Harrold, John P. A Proposed Three 
Track System. April: 29. (1) (7) 


Haynes, Thomas M. An Environmental 
Study in Biology. April: 33. (4) 


Hipsher, Warren L. Study of High 
School Physics Achievement. Octo- 
ber: 36. (7) 


Holmes, S. D. A New Look at an Old 
Experiment. November: 39. (Class- 
room Ideas). (4) 


Huff, Theodore J. and Focacci, Henry 
J. Science Unit on Rocks and Min- 
erals. March: 25. (1) (7) 


Huffmire, Donald Wynant. Criteria for 
Independent Study Projects. May: 
32. (1) 


Hutchens, Richard L. Conductivity 
Apparatus. March: 37. (Classroom 
Ideas). (4) 


Identification of the Intellectually 
Gifted. Frederick B. Davis. April: 
45. (8) 


Importance of Earth Sciences in the 
Curriculum, The. Gates Willard. 
April: 22. (1) 


Inexpensive Planetarium Dome, An. 
William M. Thwaites. May: 38. 
(Classroom Ideas). (3) (4) 


Investigations of Liver and Kidney. 
Frederick R. Avis and Anna Pliscz. 
March: 14. (7) 


Jeffries, T. W. Teaching the Metric 
System. February: 53. (Classroom 
Ideas). (4) 


Jeffries, T. W. The Use of Unknowns. 
May: 41. (Classroom Ideas). (4) 


Jennings, Feenan D. The Challenge 
of Inner Space. April: 6. (6) 


Jirak, Ivan L. Living Earth Science. 
December: 48. (1) (4) 


Keeslar, Oreon; Elmore, Clair W.; and 
Parrish, Clyde E. Why Not Try the 
Problem Solving Approach? Decem- 
ber: 32. (2) 


SCIENCE EQUIPMENT 
Custom Made For Early Grades 


NDEA 
APPROVED 


4 GIANT WORKING THERMOMETER 


At last an authentic working model large 
enough to see across the room. The only ther- 
mometer that meets all the specifications of 
NDEA No. 4190 Giant Thermometer. Movable 
plastic indicator converts Fahrenheit to Cen- 
tigrade. Boiling and freezing points indicated. 
Available in 3 styles suited to varying grades. 
$2660 Thermometer for Kindergarten-ist 
Grade. Fahrenheit only in 5° intervals. 


$2670 Thermometer for 2nd-5th Grade. Fahr- 
enheit only in 2° intervals. 

$2680 Thermometer for 6th-12th Grade. Fahr- 
enheit and Centigrade scales. Each $9.95 


MOBILE SCIENCE LABORATORY 


Features a 24”X42” formica top, two 12”X24” 
drop leaf formica top extensions, to provide 
24”X54” area with additional space for two 
burner hot plate flush with working surface. 
Four 24”X24” shelves for storing science 
units. Two 8”X24” drawers. High quality ply- 
wood construction beautifully lacquer finished. 
H2950 (hot plate not included) $99.50 


Above items are F.0.B. Cranbury, N. J. warehouse 


Write for 80 page catalog of other 
NDEA approved exclusive items 


CREATIVE 
PLAYTHINGS 


INC. pept. st-12 


P.O. Box 1100 
Princeton New Jersey 
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Laboratory and Science Teaching, The. 
Milton O. Pella. September: 29. 
(1) (7) 

Laboratory Work—Grades 7 and 8. 
Ralph S. Vrana. November: 27. 
(7) 

Latimer, Robert M. Discovery of Law- 
rencium, Element 103. November: 
6. (6) 


Lee, Addison E. Biology Laboratory 
Instruction Innovation. October: 46. 
(1) 


Lee, Addison E. and Baker, Jeffrey 
J. W. Teaching Three Dimensions in 
Biology. February: 6. (1) (7) 

Let’s Try a “Learning Machine.” Ar- 
thur C. Murdock. April: 40. (7) 

Light, Israel and Waller, Julian A. 
Doorways to Health Careers 
Through Biology. September: 6. (6) 

Living Earth Science. Ivan L. Jirak. 
December: 48. (1) (4) 


Lyman, John. Coriolis Force. April: 
49. (Classroom Ideas). (4) 


ENRICH YOUR SCIENCE PROGRAM 
o/f POWER STATIONS 


® 
@ EACH INDEPENDENT UNIT PROVIDES COMPLETE, SELF-CONTAINED, VARI- 
ABLE A.C. AND D.C. ELECTRICAL SERVICE FOR TWO STUDENTS. 


@ Students safely do everything themselves, freeing teachers to work with 


WITH Zc4- 


individuals. 


@ Lab-Volt Power Stations are educationally correct and are now widely used 


In every state in the union. 
@ All models are U.L. APPROVED, 


@ All models simply plug into standard A.C. outlets, 
@ Models are available for recessed (illustrated) and furniture-top installation 


as well as for portable service. 


36: Marcy St. 


@ A complete series of detailed and illustrated experiments in electricity and 
magnetism is furnished to all Lab-Volt users. 


SEND TODAY FOR A FREE SAMPLE EXPERIMENT, AND LITERATURE SHOWING 
HOW THE LAB-VOLT STATION CONCEPT CAN ENRICH YOUR SCIENCE PROGRAM. 


Division oF 


‘BUCK INC. 


Freehold, N. J. HOpkins 2-1111 


MacDonald, William. Teacher-Made 
Slide Rule. May: 39. (Classroom 
Ideas). (4) 

McIntosh, Harold V. Student Aids in 
Learning Computer Techniques. De- 
cember: 28. (6) 

Meek, John S. and Reese, Willard F. 
The First Revolving Block Periodic 
Table. April: 47. (Classroom 
Ideas). (4) 

Microrelief on the Sea Floor. Carl\ J. 
Shipek. October: 6. (6) 


Miller, Alfred L. and Thompson, Ertle. 
Visual Aid for Teaching Electron 
Configuration. September: 46. 
(Classroom Ideas). (4) 

Miller, Arnold I. Crude Drug Media 
Effect on Fungi Cultivation. Septem- 
ber: 39. (Classroom Ideas). (4) 

Miller, Richard I. Special Report— 
Seminar on the Disciplines. October: 
31. (6) 

Miniature Plants in the Classroom. 
William G. Thomas. March: 37. 
(Classroom Ideas). (3) (4) 

Mission to Glasgow and London, Part 
I. NSTA Committee Report. May: 
10. (6) 

Morgan, Ashley G., Jr. Quantitative 
Measurements in Biology. October: 
54. (Classroom Ideas). (4) 


Motivation for Science. Robert A. 
Weisgerber. February: 20. (7) 


Murdock, Arthur C. Let’s Try a 
“Learning Machine.” April: 40. 
(7) 

New Chemistry, The. Alfred B. Gar- 
rett. April: 15. (1) 

New Look at an Old Experiment, A. 
S. D. Holmes. November: 39. 
(Classroom Ideas). (4) 


NSTA Committee Report. Mission to 
Glasgow and London, Part I; Euro- 
pean Science Teacher Study Tour, 
Part II. May: 10. (6) 

NSTA Committee Report on the K-12 


Science Program. Donald G. Decker. 
October: 15. (1) (6) 


Panush, Louis. Creative Research with 
Planaria. November: 20. (6) 


Parrish, Clyde E.; Elmore, Clair W.; 
and Keeslar, Oreon. Why Not Try 
the Problem Solving Approach? De- 
cember: 32. (2) 


(1) Curriculum, course content, organization. (2) 
Professional preparation of teachers. (3) Elemen- 
tary school science. (4) Projects and activities for 
students. (5) History, Philosophy, objectives. (6) 
Science information for teachers. (7) Instruction— 
facilities, materials, methods, evaluation. (8) Re- 
search in science teaching. 
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Pella, Milton O. The Laboratory and 
Science Teaching. September: 29. 
(1) (7) 

Physical Properties of Liquid Mixtures. 
Allen L. Hanson. February: 43. 
(4) 

Physics for European Secondary 
Schools. Fred W. Fox. September: 
15. (1) (5) 

Pliscz, Anna and Avis, Frederick R. 
Investigations of Liver and Kidney. 
March: 14. (7) 


Ploutz, Paul F. Survey of the Science 
Supervisor. October: 41. (2) 


Pregger, Fred T. Conservation of En- 
ergy—An Experimental Verifica- 
tion. November: 11. (4) (7) 


Prevost, Donald D. Science Quiz. No- 
vember: 39. (Classroom Ideas). (4) 


Program Development in Unified Sci- 
ence. Irwin L. Slesnick and Victor 
Showalter. December: 54. (1) 


Proposed Three Track System, A. John 
P. Harrold. April: 29. (1) (7) 


Protein Structure. John N. Aronson. 
September: 41. (Classroom Ideas). 
(4) 

Provisions for the Slow Learner. Wil- 
liam B. Reiner. November: 33. (8) 


Quantitative Measurements in Biology. 
‘Ashley G. Morgan, Jr. October: 54. 
(Classroom Ideas). (4) 


Reber, Paul. Color Mixing on the 
Overhead Projector. November: 43. 
(Classroom Ideas). (4) 


Reese, Willard F. and Meek, John S. 
The First Revolving Block Peri- 
odic Table. April: 47. (Classroom 
Ideas). (4) 


Reilly, James J. Evaluating Critical 
Thinking in Science. March: 34. (8) 


Reiner, William B. Provisions for the 
Slow Learner. November: 33. (8) 


Revitalize Your Biology Course. Mait- 
land P. Simmons. December: 50. (7) 


Rohrer, Kenneth L. Chemistry in Elec- 
tronics. December: 20. (4) (6) 


Schiele, Paul E., Jr. The Three E’s: 
Examination, Experimentation, and 
Evaluation. February: 30. (7) 


Schiffer, Arthur R. Use of Science 
Teams. February: 31. (7) 


(1) Curriculum, course content, organization. (2) 
Professional preparation of teachers. (3) Elemen- 
tary school science. (4) Projects and activities for 
students. (5) History, Philosophy, objectives. (6) 
Science information for teachers. (7) Instruction— 
facilities, materials, methods, evaluation. (8) Re- 
search in science teaching. 
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Science Concepts of Light. Gary R. 
Smith and Edward Victor. Febru- 
ary: 11. (7) 

Science in the Curriculum. Sidney 
Dushman. March: 19. (1) 

Science Quiz. Donald D. Prevost. No- 
vember: 39. (Classroom Ideas). (4) 

Science Research in the High School. 
Flavin J. Arseneau. September: 32. 
(1) (7) 

Science Unit on Rocks and Minerals. 


Henry J. Focacci and Theodore J. 
Huff. March: 25. (1) (7) 


Science and Western Civilization. Al- 
bert J. Bernatowicz. December: 14. 
(5) 

Shepard, Alan B., Jr. A-OKAY Trib- 
ute to Freedom 7. May: 25. (6) 

Shipek, Carl J. Microrelief on the Sea 
Floor. October: 6. (6) 

Showalter, Victor and Slesnick, Irwin 
L. Program Development in Unified 
Science. December: 54. (1) 

Siemiencow, George. Teaching of 
Atomic Structure. March: 11. (1) 

Simmons, Maitland P. Revitalize Your 
Biology Course. December: 50. (7) 


4 


NOW oh- 


must for every science program. 


continuous accuracy of 


36 Marcy St. 


ee MODEL 440 
iS METER OR 


D-C AMPERES 


Off srincs you... 


FUSED METERS SAFE FOR STUDENT USE! 


Here's a Buck Engineering break-through that will end continuous drain on 
your science funds for repair or replacement of burned out electrical meters. 

This revolutionary feature incorporated in a brand new line of meters (de- 
signed expressly for educational work) makes the Lab-Volt Companion Line a 


COMPLETE PROTECTION from electrical damage by replaceable fuses. Students may use these 
units without supervision, as they can't be burned out, even when misused. 


FUNCTIONAL Selection of ranges insures easy reading of all values throughout the entire 
range of every meter. Border-to-border scales are up to 28% larger than older models and are 
not obscured by pointer or shadows. Units may be used horizontally or vertically and stack 
compactly for storage. All connections are made through five-way binding posts. A schematic 
diagram on front panel adds educational value. 


DURABLE Sealed mechanisms provide complete protection against moisture and dirt, insuring 
Jeweled moving parts insure long life with free movement. Construction is of heavy gage, 
cold rolled steel, finished in scuff-proof vinyl. 


ECONOMICAL Complete metering service is provided by only five competitively priced, multi- 
range models (A.C. and D.C. voltmeters and ammeters, and D.C. galvanometer). 


SEND OR PHONE TODAY FOR COMPLETE INFORMATION 


SCIENCE 


Division of 


BUCK ENGINEERING COMPAN 


Freehold, N. 3. 


HOpkins 2-1111 | 
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Sitterly, Bancroft W. The Spaceman’s 
Physics. May: 6. (6) 
Slesnick, Irwin L. and Showalter, Vic- 


tor. Program Development in Uni- 
fied Science. December: 54. (1) 

Smith, Gary R. and Victor, Edward. 
Science Concepts of Light. Febru- 
ary: 11. (7) 

Solubility of Ammonia Gas. Arcot 
Viswanathan. December: 59. 
(Classroom Ideas). (4) 

Spaceman’s Physics, The. Bancroft W. 
Sitterly. May: 6. (6) 


Special Report—Seminar on the Dis- 
ciplines. Richard I. Miller. October: 
31. (6) 

Springer, Donald P. Agricultural Mete- 
orology—The New Science Team. 
March: 6. (6) 

Student Aids in Learning Computer 
Techniques. Harold V. McIntosh. 
December: 28. (6) 

Study of High School Physics Achieve- 
ment. Warren L. Hipsher. October: 
36. (7) 

Suhr, Arthur G. Activities in Astron- 
omy. May: 28. (4) (7) 


SCIENCE TEACHING APPARATUS £XPENSIVE? 


now with PAysikit "YOU CAN 
MAKE YOUR OWN VACUUM TUBES FOR PENNIES! 


Standard techniques for making high 
vacuum tubes (10-7 to 10-8 mm Hg) 
involve prohibitive expenditures for 
equipment and highly skilled techni- 
cians. With MACALASTER  BICK- 
NELL’s new High-Vacuum Technique 
and Physikit students can now make 
inexpensively their own cathode-ray 
tubes, diodes, triodes, phototubes, 
and even such specialized appara- 
tus aS a mass spectrometer, or a 
tube with which the time of flight of 
electrons or ions can be measured. 


FOR MORE INFORMATION 


Return Coupon Below! 


Please send ‘‘Physikit” information. 


Name 


Subject Taught 


i School 


Street 
i City Zone 
State 


82 


PHYSIKIT 1000 A includes all the necessary 
materials designed to make 4 Diodes, 4 Tri- 
odes, and 8 Cathode Ray Tubes. Only $69.50. 


Physikit, together with MACALASTER 
BICKNELL’s new High Vacuum Tech- 
nique, a method using activated 
charcoal, COs, a special gettering 
regime, and a vacuum gauge, en- 
ables the teaching of modern micro- 
physics at a cost within your budget. 


Your guarantee of quality apparatus — 
MACALASTER BICKNELL CORP. is the 
ONLY manufacturer and distributor of 


PSSC Physics Kits which are specifi- 
cally approved and supervised by Edu- 
cational Services, Inc. 


Approved 
PSSC 


MACALASTER 


Survey of the Science Supervisor. Paul 
F. Ploutz. October: 41. (2) 

Taylor, Calvin W. Finding the Crea- 
tive. December: 6. (6) 

Teacher-Made Slide Rule. “William 
MacDonald. May: 39. (Classroom 
Ideas). (4) 

Teaching of Atomic Structure. George 
Siemiencow. March: 11. (1) 

Teaching Genetics with Flannelgraphs. 
Merle I. Wimmer. October: 18. (4) 
(7) 

Teaching Half Life Concepts. Leslie 
W. Trowbridge. December: 57. 
(Classroom Ideas). (4) 

Teaching the Metric System. T. W. 
Jeffries. February: 53. (Classroom 
Ideas). (4) 

Teaching Modern Atomic Structure. 
Jack W. Eichinger, Jr. September: 
21. (7) 


Teaching Three Dimensions in Biology. 
Jeffrey J. W. Baker and Addison E. 
Lee. February: 6. (1) (7) 


Thomas, William G. Miniature Plants 
in the Classroom. March: 37. 
(Classroom Ideas). (3) (4) 


Thompson, Ertle and Miller, Alfred L. 
Visual Aid for Teaching Electron 
Configuration. September: 46. 
(Classroom Ideas). (4) 


Three E’s, The: Examination, Experi- 
mentation, and Evaluation. Paul E. 
Schiele, Jr. February: 30. (7) 


Thwaites, William M. An Inexpensive 
Planetarium Dome. May: 38. 
(Classroom Ideas). (3) (4) 


Tornado Study. Paul Steven Baarson. 
February: 53. (Classroom Ideas). 
(4) 

Trowbridge, Leslie W. Teaching Half 
Life Concepts. December: 57. 
(Classroom Ideas). (4) 


Ulrich, Arthur H. The Accelerated and 
Enriched Biology Course. February: 
35. (1) (7) 


Use of Science Teams. Arthur R. 
Schiffer. February: 31. (7) 


Use of Unknowns, The. T. W. Jeffries. 
May: 41. (Classroom Ideas). (4) 


Victor, Edward. Why Are Elementary 
School Teachers Reluctant to Teach 
Science? November: 17. (2) (3) 


(1) Curriculum, course content, organization. (2) 
Professional preparation of teachers. (3) Elemen- 
tary school science. (4) Projects and activities for 
students. (5) History, Philosophy, objectives. (6) 
Science information for teachers. (7) Instruction— 
facilities, materials, methods, evaluation. (8) Re- 
search in science teaching. 


THE SCIENCE TEACHER 


: 
: : 
ail 
ay 
le? m Bie. 
\ 
= 
\ 
\ 
4 
53 Norfolk Street, Cambridge, Mass. 


Victor, Edward and Smith, Gary R. 
Science Concepts of Light. Febru- 
ary: 11. (7) 

Visual Aid for Teaching Electron Con- 
figuration. Alfred L. Miller and Ertle 
Thompson. September: 46. (Class- 
room Ideas). (4) 

Viswanathan, Arcot. Solubility of Am- 
monia Gas. December: 59. (Class- 
room Ideas). (4) 

Vrana, Ralph S. Laboratory Work— 
Grades 7 and 8. November: 27. (7) 

Waller, Julian A. and Light, Israel. 
Doorways to Health Careers 
Through Biology. September: 6. (6) 

Walters, John; Annis, Martin; and 
Williams, Edwin C., Jr. Distance 
Measurement by Wave Interference 
in a Ripple Tank. October: 26. (7) 

Ward’s Natural Science Establishment, 
Inc. Culture Media for Protozoa and 
Algae, No. 5. May: 27. (4) (7) 

Weisgerber, Robert A. Motivation for 
Science. February: 20. (7) 

Why Are Elementary School Teachers 
Reluctant to Teach Science? Edward 
Victor. November: 17. (2) (3) 

Why Not Try the Problem Solving Ap- 
proach? Clair W. Elmore, Oreon 
Keeslar, and Clyde E. Parrish. De- 
cember: 32. (2) 

Willard, Gates. The Importance of 
Earth Sciences in the Curriculum. 
April: 22. (1) 

Williams, Edwin C., Jr.; Annis, Mar- 
tin; and Walters, John. Distance 
Measurement by Wave Interference 
in a Ripple Tank. October: 26. (7) 

Wimmer, Merle I. Teaching Genetics 
with Flannelgraphs. October: 18. (4) 
(7) 


NSTA Activities 


AAAS Meetings. October: 61. Novem- 
ber: 49. 

ADP Teaching Materials. September: 
59. 

AETS Regional Meeting. October: 61. 

Board of Directors, 1961-62. Novem- 
ber: 49. 

Budget for 1961-62. September: 49. 

Business-Industry Section. November: 
49. 

Bylaws Change. November: 49. 


(1) Curriculum, course content, organization. (2) 
Professional preparation of teachers. (3) Elemen- 
tary school science. (4) Projects and activities for 
students. (5) History, Philosophy, objectives. (6) 
Science information for teachers. (7) Instruction— 
facilities, materials, methods, evaluation. (8) Re- 
search in science teaching. 


DECEMBER 1961 


Century 21 Exposition. September: 59. 
December: 62. 


Chapters and Affiliated Groups. April: 
53. October: 61. 


Convention. February: 55, 61. March: 
50. May: 43. September: 61. No- 
vember: 45. December: 39. 


Elections, 1961. February: 67. 
Elections Committee. September: 49. 
Elections Report, 1961. May: 43. 
European Science Study Tour, 1961. 


February: 61. 1962, December: 62. 


Film Excerpt Committee. February: 
65. 


Film Research Project. February: 59. 

FSA Awards, 1961. February: 65. 
April: 56. 

FSA Awards, 1962. September: 53. 


FSA Awards Regional Chairmen. De- 
cember: 62. 


FSA Chapters. September: 52. 
FSA Organization. February: 63. 
April: 56. November: 51. 


FSA Steering Committee. February: 
63. 


in quality, durability or scientific validity. 
Here are three apparatus kits of wide 
teaching application. These and twenty- 
seven others are described and illustrated 
in our catalog of Authorized PSSC Appa- 
ratus and Supplementary Materials. 


Ripple Tank Kit — Used for study of gen- 
eral wave phenomena as well as in ex- 
periments on wave propagation; reflection, 
refraction, diffraction, frequency-wave 
length-velocity relationship and _ interfer- 
ence. One Kit is recommended for 4 stu- 
dents. Each $14.64. ; 

(High Power Light Source Kit not included) 


Adjustable Phase Wave Generator — Pro- 
duces circular waves from a single-point 
source, or waves of known and controlled 
phase between two-point sources, applica- 
ble to any experiment where wave interfer- 
ence between two-point sources is studied. 
Frequency, point spacing, and phase rela- 
tionship between sources may be varied, 


and nodal line positions measured for any 
is the ONLY manufacturer and 
Approved PSSC Services, Inc. 
CE EDUCATION pivis 


of those parameters. Each $2.50. 
distributor of PSSC Physics Kits 
MACALASTER | 
253 Norfolk Street, Cambridge, Mass. 


Your guarantee of quality apparatus — 
which are specifically approved 


w MACALASTER BICKNELL CORP. 
and supervised by Educational 
CORPORATION 


SCIENCE TEACHING APPARATUS EXPENSIVE? 
NOT ANY MORE! 


MACALASTER BICKNELL CORPORATION’S new concepts in design and quantity manufacture, 
permit low price levels hoped for by educators — but never before achieved. So valuable to 
learning — individual student participation in laboratory work is now possible with no sacrifice 


High Power Light Source Kit— Used for 
illumination of the Ripple Tank for pro- 
jection of shadows of moving objects, and 
for use with slits or optical elements. 
Light from its window issues either from 
a point source (off the end of the filament) 
or from a line source (off the side of the 
filament). Each $2.20. 


WANT TO (ii) 


? 
KNOW MORE? American Science 


Send for Products, Inc. 


Free Catalog Design 
Consultants 


Please send me your Authorized PSSC Appa- 


ratus and Supplementary Materials Catalog. | 
Name 

Subject Taught. 
School 

Street i 
City Zone 


State 5-12-42 
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International Activities. February: 59. 
April: 57. May: 47. 

Life Members. February: 79. 

Membership Report. December: 61. 

Motion Picture Research Project. Feb- 
ruary: 65. 

NSTA Calendar. February: 65. 
March: 43. April: 51. May: 49. 
September: 79. October: 53. No- 
vember: 47. December: 61. 

OCDM Project. February: 67. 


Publications, Hector Reports. April: 
74. December: 84. 


Regional Conferences. April: 52. May: 
43. September: 49. 

Research and Development Commit- 
tee. February: 61. 

Sponsor’s Guidebook. February: 63. 

Staff Changes. February: 59. May: 49. 
September: 51. December: 61. 

Supervisors’ Section, NSSA. Septem- 
ber: 56. 

U. S. Registry. February: 63. 

Vistas of Science. September: 53. De- 
cember: 61. 

Youth Conference on the Atom. No- 
vember: 51. 


SPACECRAFT 


The first book in the NSTA Vistas of Science series produced in co- 
operation with the National Aeronautics and Space Administration is a 
resource publication for junior and senior high school students featuring: 


> Up-to-date information on the science and technology of space- 
craft and related developments. 

® Related concepts in basic science. 

> Suggestions for projects, research, and additional readings. 

> Extensive illustrations—some in color. 

® 160-page, inexpensive paperback edition. 


The Vistas of Science program is designed to provide enrichment 
literature in science for students. The books are written to awaken or 
encourage science interests of students; not as part of any course or cur- 
riculum. The books also will be useful in suggesting special activities for 
science clubs, fairs, or congresses. In addition to individual student pur- 
chase of these books, science teachers are encouraged to have them avail- 
able in the classroom to be used as enrichment materials for their regular 
programs. (Refer to NSTA Activities, page 61.) 


Orders should be addressed to the publisher, Scholastic Book Serv- 
ices, Inc., 33 West 42nd Street, New York 36, N. Y. 


Single copies 50 cents, discounts on quantity orders. 


HECTOR 


announces the publication of— 


Index of Advertisers 


American Optical 63 


Ariel Davis Manufacturing Company...... 56 


Bell Telephone Laboratories......................... 26 
Charles Beseler 30 
59 


Buck Engineering Company, Inc........... 80, 81 


Cambosco Scientific Company, Inc........... 
Central Scientific Company.............. Cover Il 
75 
25 
Creative Playthings, 79 
The John Day Compani...................ccc000 62 
Dictation Disc 
Doubleday and Company, Inc..................... 47 
The Ealing 62 
Eaton Scientific Corporation........................ 75 
Edmund Scientific Company......................... 78 
Felton Design 36 
Doug George 71 
78 
The Graf-Apsco 16 
Harcourt, Brace and World, Inc............... 58 
D. C. Heath and Company......................0.. 38 
13 
Macalaster Bicknell Corporation.......... 82, 83 
McGraw-Hill Book Company, Inc........... 64 
Modern Learning 73 
65 
The Nalge Company, 52 
National Science Teachers 

Ohaus Scale Corporation................... Cover IV 
Pickett and Exckel, 77 
37 
John F. Rider Publisher, 27 
Scientific Development Corporation.......... 74 
Charles Scribner’s 69 
Stansi Scientific Company.................. Cover Ill 
Swift Instruments, INC... 73 
Teaching Materials Corporation................ 12 
Unitron Instrument Company............ 34-5, 72 
The Welch Scientific Company.................... 2 
Wilkens-Anderson 19 
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9420. STANSL MOLECULAR MODELS for individual student manipulations. Consists 
of 54 one-inch hardwood enameled balls of seven colors drilled to receive one and two 
inch wood pegs. Helical springs, two inches in length, are supplied to represent multiple 
bonds and for forming ring structures. Complete with attractive box and instructions. 

$4.50 each 6 sets $4.25 each 12 sets $3.90 each 


PERIODIC CHART OF THE ELEMENTS 
7 


12.011 14008 16.000 19.00 _ 20.183 | 
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6 Cs Ba La‘Hf Ta W Re Os Ir Pt Au Au Hg Tl Pb Bi Po At Ra’ 
138.92 17850 I8Q9S 183.46 146.27 1902 1922 195.09 197.0 W721 2 21 (222 


(228 226.05 22704 
Ni Pm Sm Eu Gd Th Dy Ho Tm Yb Lo 
Series 140.13 140.92 144.27 (145) 150.95 1520 187.26 158.93 16751 164.94 Er Im 173.04 | 174.99) 


| 
Th Pa U Np Pu AmCm Bk Cf Es Em No 


7825. PERIODIC CHART OF THE ATOMS in four colors. The modern long form 
showing 102 elements, their atomic weights, numbers, and configurations. Gases are shown 
in blue, liquids in green, and solids in black. Atomic weight, number and symbol visible 
across the laboratory. 

Lithographed on heavy gloss paper 42” x 58”. Wood rollers at top and bottom. $6.00 
7824. CHART, ATOMIC WEIGHTS. A chart 30 x 45 inches on chart paper mounted 
on common rollers. An alphabetical list of all elements giving their symbols and atomic 


weights. $3.50 


STANSI SCIENTIFIC COMPANY, 1231-41 North Honore St., Chicago 


Molecular Models 6°. 
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TRIPLE BEAM CENT-O-GRAM #311 
#15505 
DON’T 


GAMBLE 


MODERN Materials — MODERN 
rs) Design — MODERN Methods — 
make OHAUS BALANCES of today — 

the very best your:money can buy. 


-A selection of any of the models 
from the versatile OHAUS line car- 
ries with it over 50 years of con- 
tinued leadership in the exclusive 
manufacture of precision scales and. 


: » weights for science and industry. ~ 
et For complete details write for 
individual brochures or complete 
Catalog. 


MOISTURE DETERMINATION BALANCE | 


He 
: 
TRIPLE BEAM - ANIMAL BALANCE #730 
q 
A ' COATD 
1050 COMMERCE AVEN 
UNION, NEW JERSE 


